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APPENDIX B

MONITORING WELLS AND STAFF GAUGING ELEVATIONS

.
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TABLE B-1
Summary of Ditch Water Elevations

All Values Recorded at MSL

1 June 1988

Staff Gauge Gauge Elevation Surface Water Elevation

1 758.89 755.6
2 768.72 764.85
3 732.99 740.14
4 738.67 735.12
5 738.87 --

6 734.65 --
7 732.65 729.15
8 737.05 733.4
9 740.24 --

10 742.22 740.28
11 742.13 --

Locations of Staff Guages are shown in Figure 3-3

A
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TAiLE 8-2
Summry of Groundwater ELevations

ALL VaLues Recorded at Feet Above MSL
1 June 1988

Monitoring Ground Top of Top of Bottom of Grounmater

Eevatio PVC ELevation Screen ELetvation $croon Etevati n Eevation

1-1 774.9 776.78 760 755 772.28

1-2 763.53 765.15 756 746 760.61

1-3 762 763.16 728 718 759.16

1-4 772.72 775.35 764 747 762.72

1-5 784.2 786.47 778 764 778.81

1-6 762.6 764.69 739 726 758.51

1-7 796.08 797.83 773 743 781.31

1-7A -- -. 769 739 --
1-8 763.2 764.95 744 729 758.67

1-9 761.7 764.2 748 733 756.44

1-10 765.2 765.99 745 730 759.34

2-1 756 757.35 730 720 752.4

2-2 764 766.54 724 714 753.03

2-3 762.3 762.5 735 730 757.12

2-4 762.1 764.45 730 725 757.67

2-5 759.4 761.95 744 729 742.76

2-6 .-- 748 7337
2-7 756.2 758.23 744 729 749.34

2-8 763.6 766.19 744 734 --

3-1 742.6 743.69 697 692 723.55

3-2 743.0 74.57 723 708 723.77

3-3 742.3 743.92 722 717 725.58

3-4 742.9 744.49 700 695 723

3-5 745.5 746.07 725 710 723.47

3-6 744.7 746.64 722 712 723.69

3-7 741.7 743.86 724 714 724.22

3-8 742.7 744 8 670 660 723.77

4-1 762.92 764.01 741 726 740.04

4-2 77.17 758.38 731 717 745.80

4-3 759.66 760.8 724 719 732.12

4-4 763.24 764.34 736 731 746.30

4-5 764.2 765.78 743 738 757.41

4-6 777.74 777.74 743 728 770.42

5-1 752.25 753.79 722 717 736.63

5-2 754.22 755.49 730 725 738.81

5-3 755.36 756.5 718 713 735.59

5-4 754.17 755.44 722 717 742.24

5-5 751.2 753.34 734 724 741.47

5-6 759.2 761.66 742 732 745.54

5-7 773.1 775.75 747 737 763.05

6-1 775.33 777.31 755 750 766.93

6-2 788.37 790.16 764 759 769.25

6-3 788.08 789.32 769 764 785.60

6-4 781.05 782.59 768 758 776.49

6-5 779 781.48 748 733 763.73

6-6 779.22 780.87 756 741 765.77

6-7 799.47 800.73 790 775 791.09
7-1 747.8 748.91 723 708 725.47

7-2 747.5 748.82 729 709 729.22

7-3 744.1 745.68 719 704 739.60

7-4 742.1 743.84 717 712 725.52
7-5 748.1 749.35 728 708 725.69
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TABLE 0-2 (Cant.)
Summry of Groundwater Etevations

All Values Recorded at Feet Above NSL
1 June 1988

Monitoring Ground Top of Top of Bottom of Groundwater
WeLL Eevatio PVC ELevation Screen ELevation Screen Etevation Elevation

7-6 745.5 746.84 712 717 725.51
7-7 741.8 743.82 724 714 725.29
7-8 742.8 745.12 726 716 725.01
7-9 745.8 748.08 728 718 726.22
7-10 743.9 746.2 727 717 725.41
7-11 741.56 743.55 726 716 724.97
7-12 741.6 744.03 669 659 722.60
7-13 746.8 749.45 725 715 725.46
MW-1 821.37 822.58 - -- 789.77

MW-2 811.17 812.21 ..... 789.44

MW-3 780.05 781.2 .... 768.53
MW-4 766.28 767.51 .... 759.84

MW-5 820.76 804.84 .. -- 794.09

8-1 751.26 750.51 726 711 732.04
8-2 753.42 755.96 743 713 733.48
8-3 752.56 751.83 730 715 743.48
8-4 762.06 764.28 750 742 748.88
8-5 783.86 785.81 772 756 770.27
8-6 751.84 754.57 730 720 729.58
8-7 750.7 753.14 722 712 725.87
8-8 751.67 754.02 718 708 725.71
9-1 740.16 741.29 728 701 728.22
9-2 740.56 741.62 706 701 726.07
9-3 739.46 740.86 706 701 728.66
9-4 743.16 744.67 729 701 729.67
10-1 855.72 856.9 842 837 838.77
10-2 854.41 854.99 826 821 830.72
10-3 836.43 837.61 817 812 828.26
10-4 842.78 843.88 813 808 818.48
10-5 830.28 832.13 820 815 817.73
10-6 854.73 856.49 821 806 832.53
11-1 790 791.3 771 766 785.06
11-2 790.89 792.12 772 767 782.71
11-3 806.82 808.72 783 778 790.45
11-4 794.15 795.15 775 770 786.40
12-1 .. -

12-2 742.3 744.49 725 715 724.17
12-3 742.5 744.45 726 716 723.05
12-4 743.3 745.30 726 716 724.83
12-5 746.2 748.22 722 712 724.06
12-6 743.3 745.26 667 657 723.96
14-1 745 746.93 727 717 726.74
14-2 735.83 737.78 723 713 725.00
14-3 735.33 737.78 725 715 724.96
14-4 736.13 738.6 667 657 724.82
16-1 855.7 857.93 828 818 832.66
16-2 762.6 764.38 739 729 754.39
16-3 765 766.56 741 731 755.26
16-4 763 764.91 731 721 754.81
16-5 761.6 763.04 738 728 749.96
16-6 738.26 740.27 659 649 726.84
16-7 738.3 740.43 719 709 728.06
16-8 747.1 749.94 735 725 737.38
16-9 747.1 750.01 709 699 727.73
16-10 762.7 765.45 710 700 750.59
16-11 762.9 765.06 712 702 721.91
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TABLE 8-2 (Cont.)

Summary of Groundwater ELevatfons
ALt Values Recorded at Feet Above MSL

1 June 1988

Monitoring Ground Top of Top of Bottom of Groundwater
WeLL Eeveti PVC Eltevation Screen ELvation Screen Elevation ELevation

16-12 773.8 776.17 753 743 762.02
16-13 773.38 775.4 766 756 767.57
17-1 838.59 842.42 779 754 808.87
17-2 821.29 824.91 766 741 799.10
17-3 776.42 780.04 712 687 763.75
17-4 782.32 785.82 710 685 774.54
17-5 785.2 737.66 773 763 778.51
17-6 788.2 790.46 771 761 760.57
17-7 746.1 748.6 730 720 736.69
17-8 745.4 748.14 662 652 737.47
17-9 737.45 740.05 736 726 732.82
17-10 737.45 740.04 728 718 720.07
18-1 738.2 740.30 726 716 727.03
18-2 737.5 739.73 725 715 731.17
18-3 740.12 738.0 728 718 729.01
18-4 739.2 741.51 727 717 727.23
18-5 739.9 741.96 727 717 727.55
18-6 736.5 738.59 724 714 726.67
18-7 737.4 739.26 654 644 726.85

Note: Some of the screen depths have been estimated from boring Logs.

B-4
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APPENDIX C

GEOLOGIC DRILL LOGS
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21233 2/338 LaM Westeon D-614HSA 1?4 VC5.0

OEV L MSMRPTXON NOTES

1LE __ 5 L7a7:SILTY CLAY trace af uit and lignite fragments, ow

14- 6 abundant mottling

3 SS 18 4 77M CLAYEY SILT wD soited, abundant dlay, trace of lignte
. .... fiagnents moist, abundant mottling, red-brown

4 SS18 3 sao sab5
4
6

S SS 18 3 ML 7.some clay, trace carbonised small nodules
6
4

6 S8 is 3 7 L SILTY CLAY: well sorted. some silt, truce lignite
4 hamnsmoderatey plastic, noist to wia,

1 3318 74 CL abundantesit

4

C-? de. a ce Mo. I f3 7



SIONSCRZPTZOH NOTES

98 15 i 6 740 CL aseabove, mediumpaiy
6

25-

10 53 14 8 3 ML CLAYZY SILT: well sorted, trace clay, saturated, meium
7 pay, no motling

10

1133 16 5 7MLamav
S
7

123 S S 7 MLuabv

40-

C-3



a~czpzt NOTES

1358 18 6 720 L saeabv

14 SS 48 10 715 SILTY CLAY- well sorted. trace sill, low Plasticity. moist,
12 trace mottling, dark grey

14

1588 4 401 710 Sb
so

14s S IS W 705 Sb light gey
End of boring 5 9.0 feet

AS Dime XT M. C "PA O X

C-4



GE LO I DRILLt 744.G 742.70 . 21ep e.03 72167 6 1 3 -8

EL" OK DS EPTKOH NOTES

Bd I-

I1SS81 S CL SILTY CLAY: weil sorted, trace sAlt, roots and lignite,
4 low plasticity, moist, trace mottling. medium pray
6

74,0

2 SS10 3SL mdu rw

3815I 5 SM 1 - mottling. medium brown, moist, witb some tin

73

16

5 SI 8 5 SM sameas above
4

730

6853 0 3 SM NO RECOVERY

I 35 3 SM red-brown, saturated
2

88 6 954 no out~e

C-5



Nzd

ainscmp~zowNOTES

720

9 33 1 9 SM ' 3

25

715

10 38 14 2 SPA oo SUlS lito fragments
4

13

Ti0

11S 318 14 S 7intewbedded thin Ienwe of abundant Wenie fragmets
20

3,-

123310 45 3M Womna

a Ma mmuWiA" sol oM H 2 of4 3-8

C--6



700.

13S S 14 10 SM very abundant lignite fragments, $and miss with fin, sand.
to saturated

14

14SIS 18 23 SM SAND, fine to mnediumu with trace lignite and Mwn gravel
30
41

15 511 32 54 truce coarse sand, no lignite
36

I1 581 12 30 abundant lignite alluvium, sand is medium Cray
211

60

poorly sorted, tram silt, medlum pawel and thin lignite

ST Ilease, medivm to dark psVPN O
FIIN. -& E I- L AA F

I 31 1 a 7~J3~g3[evesdeas Ntw. 13 of4 13-8

C-7



i~i~i~" Vito%_ _

675

18S8 16 19 SM no liguit longu"

7V0

670,

loss 10 20 SM mediulD to coam.
16

75,

295 10 14 sm fine to com. abundant Amn to coats. gavoi
is

god ofbougO 528.0 faft

--0 LCAAP
r:~~T. ~ ~ :g~"'"" Imuadn. Mo. 4 of 3-

C-8



GEOOGI DRLL OGLCAAIP hi deAm Me. 1 of 3 5-7

3-61/HSA 120 4" PVC 50.00'

a est77.5773.10 12.70'/760.40' 6/1/88

WIz DESCuzwrzOH NOTES

1 58 4 6 -CL StLtY CLAY: wll oted. tre at, low plasticity,moist,
5 trace mottling. red-brown

5S

2 ~~M 551g7C race roots, abundant mottling
12

3553 18 5 CL se asabove

765

4 55 1S 4 CL trace ignite
4

10-

5 58 is 10 CL abundant slt and lignite, moist brown, some vertical
12 solution chanmnels
14

760

68 15 t 10 cL same anabove
9

7 58 15 10 CL tm*c lignite
12
12

6I1 so isIcL asabove

Ia Mllr IA AWiI me.N. I f3 -

C-9



jjjlULEU~ OCZPTOI4NOTES

730

9 55 is 5 CL so linie true oilt
7

25-

saturated at 26.0 feet during dring

7',

10 S8 L8 9 CL trc on ad. fine gravel, lignite alluvium
11
13

30-

71.0

11 5to1 12 CL abdatst
£2
14

35-

1338 toto L37

13

40

C-1



NJIu~V SRPO# NOTES

230

6/5.

75

145836 SO Sh

50 End of boring@ 50.0 ts

Sie ~ -LCAAP

ofi 3. 5-



278 78 =a Weaters B-61 HSA 1?PV

:2 5 /IS 7480 - be12ac2600

*1 
--= w.m

2 ~ ~ U OT 12 5 - L SILY C A Y: sIeslaudn oo o lsiiy

R. -e t 74.5 mo1. t, abundant29 motlin, bac

S -M

1 SE 12 3 CL TOPSI:dan r humut anwig eallsorue, oe clasty , odule

7- -

45818 2SIL CLAY- someT: t abundant laytrac lone s asomcblac
clay2 C modle, abundant mottling. ecd-bkw

3 SS 18 4 M L abdnte sltad igyedlvum sm clay lesededulea

27 0

64 53 1 ML dyndls bnatmtln.wt e-rw

2 7
2

SAND: fine. well sorted, trace silt, saturated, abundant
mottling, medium brown

7 5516 3 S

a sos I S" some interlayed silt tense

[-AUX DIM IT SM LCAAP PMn.ML O
a T~ fkffie rT OT ludemadesce. Mo. I of 2 7-11

C-i12



GEOLOGIC DRILL LO LCAA?, Independence, Mo. 2 of 2 7-11

E0Vd LD S RI T O NOTES

720

9 SS is 2 Sm SAND: fn, wlorted, trace of mdumsandand ait, no
6 mottling. saturated, medium brown

25-

End of boring 26.0 feet

-a' m a -MX T LCAAP PG 0MX

=r & 9: ghT' r :umll :lW"' Indmdeude. Mo. 2 ofI2 -11"
C- 13



2/9/38 12/10/88 Lave-Western Gardner Dayr 500' 8 4u PVC 83.00'
[a OPO t IG LV. 9OU LIAI DTAIIVAI79U EX-UAZP0M1

R. Beunet 744.03 741.60 21.43'/720.17' 6/1/88

4Z03oUSRpTZom NOTES

740

FOR INFORMATION FROM 0 -25 FEET, SEE
GEOLOGIC LOG 7-11

735- -

10- q

730-

-U.

if .. 11Is- - -

A

SPLIms gPO r mulla U 7 deJSMIaEnce. Mo. -1of4l-2



C-1

GEOLOGIC DRILL LOGi LCAAP Jadepeadme, Mo 2 of 4 7-12

jji ELEu OffSCNPTION NOTES

720

'r- FOR INFORMATION FROM 0 -25 FEET. SEE
GEOLOGIC LOG 7-11

25-

715

1 937 3Jm SND:flits to medium, .@UI sorted, saturated, me lum
41 M6 7S brown wi.h lenses of dark brown

10

30

06 ~

710

2 55 0 8J. SM No Recovery

3s 381 0S 7: SAND: sane asabove

42

4,-

1 T 8.CLX T lfi : owlNIumsSAS'LT Lo AAndne Mo. 2 ofj4 - l2

C-15



DESCRPTION NOTS

IIIBLEU I I ~I "~ _ _ _ _ _ _ _ _

418 17 .SM SAND: same as above
17

45 -.

5 SI 5 23 S fine, well sorted, trace of silt, saturated, medum brown
27 -V

30

69M6

6 9 6 SA SAMD: medum to coars, well sorted, saturated, medium
6186 8 SMbrown

7 85 10 17 SM 77SAND: fine to cawse, poorly sorted, trace of fine pravel,
21 saturted, pray-brawn. interbedded with lignite
25 alluvium

6W

SIS8191 20 1M SAND: sam as above, email leases of abuadat milt and

-At -- l3gis toel .,CAAP PWN.WEj~r : mJ"Is IC MIN COT ruW" U Indesendece. Mop.3of4 7
C- 16



!, IE OuscIPTZON NOTES

675

673

70-

670

10 88 6 20 SM coarse, abundant amedium to coarse gravel. trace of

21

73

665

IL S 6SIA SAD same0 sm above, increse in liamtone fragayenta

660

LIMESTONE: bedrock at #2.0'

End of boring @ 68.0 feeo

9UA WAS&LR--AAF A9W M
S~a2LII a a IWSSNWLEE I Mo. 4 4 7-12

C-17



2138 ~~~~~~M 2Am La Wstn 5-1HAI 4V 3.0

GEL. I DRILLl 749.G 74.3 3.9 7231 1

D 

FAIR

O.UcPTZI No 2

RSent 2 64.4 74.LA3Y2Y81 /18

114

5 ~ 4 MO16 bl4ackraeul

6883 12 4 CLAYEY SILT well sorted. abudan clay o, traceotad

33 4 1 C STYCAY:bma snoule, some*O ercad souio chneryl.w
74 lsiy moist, buacen mottling, dalkaca

4 U 16 7 CL '7-- tredottlg lyca

6 73 0

7-7

6 33 18 4 ML CLAYEY St~~ClT:wl otd bmn ly ,,ros,



DEUGZPTZGN NT

~ SI i 5 SM SAND: nwdium, well sorted, trace flne @and and silt,
9 14i S saturated, medium brown

14

r25

1038 to S SA 7 leras
7
12

715
End of boring f 32.0 (es

LCAI N4 ltZ 7-W

C- 19



28/83 29188 La Westeim B-614HSA i 0PC3.0

R. 3elamtt 754.57 751.34 24.W1726.85' 6/1/88

!,AUS9CRZITZON NOTES

1LUI 7 ILL IL: miod day and Ini
to
to 750

CLAY: well sorted, abundant humus, trace roots, low
2 55 14 8 - CL PlatiitY. Moist, trace mottling. black

3SS5 15 4 CL trace large gravel, Medium brown
7
* 745

SMYCLAY: abundant out, trace coggg emd, amn gmvet.
7 ligniteC alluvium, low pimlcity, abundant red and

Yellow mottling, red-brown
10

5 US 18 4 CL trace vewtical solution channels

6 SS i 2 CL Moderate plasticity
4
S

I US is 2 CL mediumbeown

S 75

C-20



GEOLOGIC DRILL LOG LCAAP, Iadonmmg, M16. 12of 2 8-6

OnSCMZPTIOH NOTES

9 35 s 2 C k-SILTY CLAY: well marted, trace ilk and lignite alluvium.
481 2C trace red and yellow miottling. wet, medium brown.

3 vertical solution channels

25-

101518 4 CL noane
4

30-

720
god ot boring* 2 2.0 feet

b5 ri I. u LCAAF AP. o
sw~m 1 I 9 UMude ea092icl. Mo. 2 of2 -6

C-2 1



umuuzro U1 NMWL TWV TR w IM OTL2/0I82=I I=Wjt B64IA O' Ie4 VC4.0
730WLIAIN T ~y r4

75

7'

28 6S to2 cam as above

12

4 SS 14 3 -ai as above
10
a

740,
5 SIS 2 CL CLAY: abuandant humus truce roots, mist, trwae mottling.

3 black, old soil boris..
4

6 33 14 2 CL traue humus, dark gray
3
4

735
is 1 2 CL a abunda carbonised moduo xidised fed aMW yeilew

2
4

C-22



GEOLOGIC DRILL LOG LCAAP. las c N 2 of 2 8-7

~~Ii~1I 33 mzpTzON NOTES

730

9 88 1s 2 CL SILTY CLAY: trace silt, low plasticity, mist to wet, trace
3 MottS.g dark gray

23

725

10358IS 2 m L abundant silt, trace amn sand, saturated

30

720

1138 13 2 ML CLAYZY SILT: trace clay and fCne sand, saturated, dark
2 Cray

2

33

1238 14 1 emmL ssbn lemee offine sand
2
3

40a MW o boring *40.0 feet

C-23



GEOLOGIC MEIL LOG W.p ~~im g of 3 8-

2/163821733t Lam-Watm 3-41 IfSA10"M 140 4m P'VC 45.00'

R. DBuuett 754.02 751.67 23-31' /2336' 6/1/88

5'~ORSCNXPT2ON NOTES

13 s1 12 -FILL FILL: clayey silt. trace sand, very stiff, insist, imdium
21 brown

2 55 is i5 trace shale fragments, small gravel, roots and mottingis
22

3SS5 10 12 gray to brown-pres

17

4 SIS3c r7SILTY CLAY: abundant Wlt, traue fis sand and roots,
481 ~C moist, dark brown
4

5 SS 18 3 C traue Amn gravel, dark brown to black
3 740

65518 CL high platicity, black
2

7 SS 10 4 CL modera Plasticity, trats oxidation an fine gavel

*7 5

1 3 18 4 CL mdumpt

" T 97 100 TEJiISULI me u . I of3 8-3

C-24



GEOLOGIC DRILL LOGJ" PANA Nognc ~ .~ H3 3-W

730

988S 18 4 CL abundant silt

25

75

1088 is 2 CL truce fne sand

11 88 is 2 _ CLAY"Y SILT: well sorted. abundant clay, trace fine sand,
high plasticity, we&, olive gpaso-pay

715

1288 is 2 ami s bv
4
4

17101

?IPOLMT WM LAAF
*ne n ne No. 72 of 31-

C-25



GEOLOGIC DRILL LOG LCAAIP Knoeao s, . 3 of 3 348-

EOE D OZPTZGN NOTES

is us 18 1wot, medium 5fl7
2
2 SAND: fne to mediumi, wed sorted, trame sift, we*, medium

End *( baring@ 45.0 foof

ST a' SMIWOUSMLE lad LCAP No.3

C-26



GEOLOGIC DRILL LOG ILCAAP pae udeuce, Mo. 1 of 2 112-5

2/1/83 2 2238 Layn*-Wosters B-61 lISA 12" 4" PVC 34.00'
LO=TO tUSN LE.GR1N 11HN-3M/LVTINGOLNWAE DT EAUE

R. Bennett 748.22 746.20 24.16'/722.04' 6/1/88

I--

~U ~ "LV 0 1-i EOUCRPTION NOTES

ILI

1 391 4 ILL FILL: silty clay, trace silt, roots and lignite alluvium, low
12 plasticity, moist, abundant mottling, interlayed
14 gray, red-brown. dark brown

2 55 1 10 mdium brown

35S 8 6 740st trace vertical solution channels , eimga

7 S8 14 3 30M SANDY iLT: abunsrtdand ant. motadeant sot,
3 JE. ~~~~~moist, trac wetiasouoncnel, medium bgrwn

8 SS 18 3 35M M sILTe sAN n, mosltoderhatnelysotdabdntsl, moist e

6 SS 1 4 SMo t, medium brown
4

li SI.T ar *ca c LAA AG P0.MOEXO

7 93 14~i 3 73 L SANDY SILT abndn fineh @ndoderately ortedJL
2 moit so et, ediumbrow



MGLU7-z PNW X O

GEOLOGIC DRILL LOG7 LCAAP, ladepeadeace Mo. 2 of 2 12-5

v~f DEC RIPTON NOTES

9 SS 18 3 725 SM fine, moderately sorted, abundant silt,wemdubow
4wemdubrw
3

23

lass 18 4 720 SM trace silt
3
2

30

11 SS18 3 715 SM
3
3

End of baring@ 34.0 feet

v3:mm M LCAAF o

C-28



CT RWCNW L TM PA NOT E NO

GE L GCD ILLO ' TOPSOIL: caysy huus, fi .bNtot. Imofist,-

2/5 25 /8 L m Wse abuTcndan mot.g re-own4 V 1 8.0

. Benet 7462 74-3 213172.0 6/ineryrd/it8sn

5J

I-S L TPO clay eyhe, saate, abundant ros mottin ,

740
6 SS 12 4C

7 CL 6S AD: fine o mim, wniealluvsor d trcsl, msta,
7 broown

3 S1 L itdyrdwt a

72

104
1M5

5 Sis Ia IT Coeatl sortd rae Linie fagent, a t i ~ J ~i

2-2



II

958S16 14 ~SM sam s above
19-
25 =

715S 4 fie moderaelsorted, %rec mediu &and and salt, trace
los lignito aUuvium, dark brown,

710
11 SI14 18medium brown. no lignite

28
31

35

705
125S 8 14 S uMa allMbove

13

a ~ rIMU a u@ ad M. o 12-6
C- 30



GEOLOGIC DRILL LOG LA ,ldpwse l.3o 1-

I

1381 14 15 0 - : trace silt and coarse sand
16 - -

695
14 IS S 40 SM fin*, trwAcsilt and medium sand

60/4'

690-
15SSI 14 27 - SM medium, truce sit and coarse sand

25
29

55-

6U
16 58 16 30 Sm gre ained. wedl sorted, trace sit

28
33

60-

171914 19 Sm

as : geL12c 94IM a zv'AS NP Iude3.udomce. Mo.3f
C-31



NAM AN LOUT nO Va

IIL

65.

675
less 10 to SM sam as above

25
33

670

lO9S 12 SM

155

2053 12 21 sm fine t cow"s
31
36

so

660
21 a8 to 12 SM SAND: fine to coars, poorty sorted. trace (Lae gravel,

25

owl"~~ LCMST: AAPno
£ L ~~~ Indepsudeag. Mo.4 S 1-

C-3 2



jj AUi I i oinSCmzwrZo NOTES

LNESTO4U
End of borbg $.5 feet

inS3 ar i M1l 09 aUi TWImW Inded"Co. No. 5 of

C-33



GE L GI RLLL.I n G D"M~t LCA*3 745.00WO M0. 7 *1 6f 1 14-

Irr UIF WL111 RL T- OM F -- IM UAH TTL.0

iN DESCRIPTION NOTES

1-S3 4 6 -ILL flLL: sity clay, abundant silt. trace roots. low plasticity.
5 moist, trace mottling. dark brown

5M

2SSLS 4mixture clay, silt, and Mie sand, trace coarse gravel.

4 medium brown

3 S3 18 2 CL - SILTY CLAY: moms sWt and humus, moderate plasticity.
2 wet, truce mottling, black, older soid borisoa

53s 18 2 CL older sodl horison

2

5 S3 18 3 CL abundant silt, trace fine sand and lignite fragments, low
* plasticity, moist, moms mottling, dark pray

6 3 is 5 C trace silt arid lignite, abundant mottling, medium gray

7 so is 2 Ci. abundant lignite fragemet
4
4

SAND:0 Is, ato meI mduatel mtedt~eg n

4 C-34



GEOOGC RIL OGLCAAP, Imden..demc., No. 20of 2 14-1

CKScMIRTICI NOTES

SS8 18 4 fine to medium, modeately sorted, ity clay at 25'

No sample taken
hen. due to sand
heave in augers

$3 2 6SAM, fine Wo coars, poorly sorted, abundant silt and
58 12 6 516clay, saturated, medium gray

End of boring 0 34.5 feet

~~ ~ C-35 .1-



1288 1288 La Wast -61 USA 1 P C23.50'

R. 3..mett Uinknown 735.83 12.7W /723.05' 6/1/38

iIB LA" 4i !* 'a =cinFZGN NOTES

735
1 38 4 4 OL TOPSOIL: clayey humus. well sorted, m"a. black

3
4

2 3314 4CL CAY: racehumus and roots, low plasticity. moist, trace
2 5514 CLmottling. black

10 -L

5

730
3 58 1465 CL trwa silt; and liWte fagment., trace oxidised nodule

7
9

4 88 is 4 CL abuidaist unottiine light gray
4

10

725
588318 3 CL mma&bows

3

SAMD well sortedO.fne trwa silt, saturated, tight brown,
8 SS 15 4 SM some layered Wiato alluvium

6

no

7 58 IS 4 M miedium brown

4

a is 8 2M interbedded with silty clay leases, saturated, medium pray

7

s a a ~** AAF
II

* C-36



GEOLOGIC DRILL LOG LCAAP, lnmdeUce, Me. 2of 2 14-2

MUITO NOTES

9 SS 18 4 SM SAND: with interbedded silty clay lense as above
9

End of boring 25.6 feet

S-I LCAA P 4-2
IN M 9t:4: Irnd..elado- Mo.2o



PURU MMSCMUZT1TZPAG NO NLI V

I of 2 114-
ISAT 111 1IL WIL _ _ _ _ _ _ _ _ _ _ ME_ _ __11 OTLUU

.12981 //8 M2t~sts -64SAi7435v 0.0

4OM trac oxdre modles black1A1M M M UM P -UMPRR

730

S US 15 4 CL SI~~~~tc lAY:itraeslen iniefamue o

4S 1la4tMr tn, motit, audak Smotlnmdu a

130

3 SS 18 4 CL SALD: CLeAomeimwllY:td trace silt and tie mg nslg t
pauiumilt e, ostte, abundant mottling .iu m

2 Si L hg measiumy wt arkga

I

720

75 18 1SM SN, feq styo mium ll siltd rcla l a iln

20

8 518 1SM condmifed ielayead Mily clay

ins go-MM 
AG -F: ftV#"1C C rfUM 611MS~IPE .l!O nesneM N. of 2 143

C-38



GEOLOGIC DRILL LOG LCAA, Judepodesce, Mo. 2 of 214M-3

j 1 ;BLW~J ~OBSCOUPTZON NOTS

End of borWig 20.5 foot

C-39



GEOLOGIC DRILL LOG LCTUNW AAPIO1.N4 1-

2/1782 133 a Wetern Gardar-r 30 r 4' PVC 78.50'

Rt. Bennett 738.60 736.13 13.78V/722.35' 6/1/88

NLVI OCRZPTZoN NOTES

735-

5-FOR INFORMATION FROM o- 2oFEET, szz
-~ GEOLOGIC LOG 14-3

7n5

no

C-40



GEOLOGIC DRILL LOG LCAAP, hnde.adence, Mo. 2 of 4 14-4

15812 17SAND: fin. well sorted, trace silt and lignit, alluvium,
21 saturated, medium brown
20-

710 - -

2 SS 14 7 .M mdu

12- -

30-

70

S SI14 2 SM line gained
36
38

35-

70W

4 S5 16 14 fleomdu
19
21

40-

695

* T * T~IPERIn urn o. 2of 4 14-4

C-41



GEOLOGIC DRILL LOG LCAA?, Imkdpowbanc, Me. 3 of4 114-414

O.SC.PTZONNOTES

5 33 16 6 ~.SM SAND: fine to medium, moderately sorted. trace silt and
12 -fine gravel, saturated, medium brown wit

14 interbedded lignite alluvium lenses
14 ~

690

6 ss 4 ~fine to coarse, poorly sorted. trace sadt and coarse gravel

12

50 -

663

7 SS 1 12 314 sum as boy*

12
12

660

3 33 14 14ofi ediuo moderately sorted, trace as, fne gravel
14 adlgiealvu

I 13aI I; &&-te

C-4



06scRZIPTzO" NOTES

----i. - - - - - saturated, mediumu brown

670

10oss 12 12 SM fine to coam, poorly sortedk, no lignite
13

70

665

US 12 3s u bv

73

660

LIMESTONE
End of boring Q78.5 feet

,ji 17 LCA1 PAWf ~
S 9s IT1pOI Cy9I w fffm~~itm~E lad. ideace. Mo. 4 f 4 1- 4

C-43



1 18 1388SI La wsen GardtrDrSO 77/9 40PVC 94.00'

P. 3ertx 740.73 738.30 13.43' 724.87 6/1/88

735

FOR INFORMATION FROM 0-530 FEEZT, SE
GEOLOGIC LOG 16-7

730

106

LCAA .G --. "m

C-44 lab~deace.I fS 1-6



Suu aoascXpTzON NOTES

715 - =FOR INFORMATION FROM 0 - 30 FEET, SEE
GEOLOGIC LOG 16-7

705
I s 10 to 3 SAND* medium, well sorted, lome, subrounded, wet, Cray

16

700
2 $3 4 9 ln A~

9
10

I -main U77ta ~LCAAPrpW.IPMRS : MITEWU SMLEudema4ue. No. 2-f1 16-6 1~
C-45



-5AP 13o 5 1-

OgU=MPTZON NOTES

3 31 m interbedded SAND and CLAY: sand isfine to medium, weon

6N0

13

66f6

5 S3 9 14 65Sm smes bv
14
17

6 S 7 9 6W Nh edi ur to coames grained, lage arnenta ot lignite
10

60..

T -31.dem No 3Af5A6~

C-46



j~II "ij l~joEUCzpTzON NOTES

670
83 a5 12 Sm rrr ame asabove

14

70sity day lenssat70' isveryesot

665
9 553 23 SMr SAND: medium, weli sorted and rounded, loom, wet, gray

14

660
loss a 12 SM 7rsms bv

12

17o

113S8 12 1s SM abundant ligite ailuwlum in thn layers

20

E . - -MO IL-A 
F 

l

aa t aIdmao . o 41

C-47



OCZPTZON NOTES

12SS 3 IS Sb
/ ~SHALE: weathere sudwAc, sandy, slightly Emsile

1331 0 00/2 Sh SHALE: u abows norscovusy

End of boring 9 4.0 fe NO RECOVERY

1491 gri in T nmLCAA rpmso c- IS

i ui ~ tm oeedmo



1201813118M La E -Weumu. CM 70 USA Ion 40PVC 30.00'

F. Bartz 7401.27 738.26 12.37'/725.89' 6/1/88

I -

2 SS 17 6 CL TSOIL: sLAyla well sorted, bnsi, dark blrownty
7

is moist, trace smottling dark gray-bmown

3SSS 11 3 CL 7-samtas above
4
6

730
4 58 17 4 CL trame Maut

4
6

5 a8 17 5 CL sons amting

10

m2
6 55 is 2 CL thin lease of Yery soft clay

4

7 5515s CL 77trace fine sand. moderaft plantleity. abundant motnm

0 is is 8 cL traie w55lsend. w4

imdflftd1 me 16-7
C-4,



SLAVxPza NOTUMS

* $5 is 1 CL trace fine sand, high plasticity, some thin silt teaes, wet,

715
1088 13 3 M CLAYEY SILT: ooms clay, semi-soft, saturated, pay

25

saturated, pay

710

118816SM

30-- End of boring *30.0 feet

a a? -3Y-I.U SPMU I8011dm MI2of2 1-
C-SO



GEOLOGIC DRILL LOG LCAAP !!Ni.MM. 1 at 2 16-3

1/2131 1/223U La Western B-61 HSA 120r 4* PVC 124.00'

I. BonsettI 749.94 747.10 12.56'/734.54' 6// 3

1 11 L3U ONSMIPTZON NOTIES

I 88 10 2 OL TOPSOIL: clayey humus, some roots, sesni-soft, mist,
3 - dark Cray to black

-

2 88 12 5 -- truce red staining
10-

3 88 IS 2 CL CA:taelgiefamm. oeaepatctmit
4 brown, may be disturbed

740

48813 CL high plastcity
2

10

5 Is1 1 CL w*tundisturbed

7688 18 2 CL Usaes fneIt e

2

7 8 is 2 CL taeieae
2

C-51



I * 3..ONSCRzpTzOw NOTES

725
9 93 I 2 CL tracesilt and sand, trace, lignite fractments, traces mottling.
9 SS I 2 CLbrown

2
2

End of boring 0 24.0 feet



GEOLOGIC DRILL LOG LCAA?. Iadoae No. 1 of 3 1-9

1273381273 U a !A -Wteru Gardaer-Dayr OO 7 78 4MVC* 50.00'

P. Bartz 750.01 747.10 22.23'/724.32' 6/1/88

NLVgi I OaScmZPTZON NOTES

745- -

-~ ~.FOR INFORMATION FROM 0 -20 FEET, SEZ
- GEOLOGIC LOG 16-8

740

10- _

735

is-

C-53



GEOLOGIC DRILL LOG LCAAP, Indepeadeince, No. 2 of 3 1-

OSCZTZONNOTES

I Ig S f -

1 is1 2 _SILTY CLAY: abundant silt, well sorted. soft, saturated.
2 trace mottling, brown

2

720

2 SS is 1 CL veymos.ga
10

715

3 SS IS I CL solme silt, abundant wood debris, very soft

710

4~~vr sity i CL V7,true pebbles

4 C-54



GEOLOGIC DRILL LOG LCAAp, indepeudenco, ma. Iof3 1No.

EOE DSCRIPTION NOTES

5 85 1 10 SM SAND: fine, well sorted, rounded. loose, wet, pay

700

6 88 .6 14 Sh SHALE: weathered surface, fissile, trace &and, blue-pren

17

so End of boring $ 0.0 f(es

I. eda Mo. 1-
C-55



G E L G C D RLIO L C A A P a. a e c M O . I of 3 11 6 -1 0

1 73 2/2/88 e-Westers A T Td-cono I' 4u PVC 64.00'

P. Bartz 765.45 762.70 14.36'/747.34' 6/1/83

J ESMRZPTZON NOTES

1 3S 4 3 CL SILTY CLAY: well sorted, soft, semi-moist, dark brown
3
3

M6-C

760-

2 58 15 s - CL abundant black metallc small rounded concretions, brown

4 matrix, semi-soft, cohesive, semi-moist

3 SS 18 3 CL much black mottling, some red-brown mottling, trace small
S deposits of very fine buff sand, uniform texture,
2 M6 -Esemi-soft

4 8817 3- CL semi-moist with some wet sones, some dark gray silty clay
- ~. whene we%

3 M-

5 s5 s M, CL more aft lighter red-brown

750

6 S3 15 3 CL oily sheen on sample
4
6

7 8S 16 3 CL more silt

10

74,

$81 s 18 L CLYZY SILT: firm, slightly shaley. drier, red-brown with
t0 occasional gray and dark gray monae

I15 t il
Wn IT --o u CA AG U 9y o

e £ ee TWJUSSAP1.IN _* A



'4VLl

ManRPZO4NOE

CTMEADLCTU MW o

GEOLOGICILT witLL LO P~ ClAy, vneryenoc, M .cr-2y thinly16-1

740

55 400/4_ h SH edd weit o r k laninotitus, semi-hr,fih
11bluronmbeen ahre

35- -

44

730

1258 0 50/0' Sh sameasabove

CT 40Sh

'A-- DML aAAY- AENHL 0
aSIP IT wsCsoN CS a CONTINUOUS SJMPLER ladetudeace. Mo. 2 o 3 6-10a~ ~ ~ : ae"UI:CUT1MO TE

C-57



GEOOGC DIL LO NZON OE

720
observed cuttlig 39.0 - 64.0 tool
SHAME: silty. variable hardness, uniform grain size
and texture, blue-groan

'5

CT Sb sam a above

sm as above

70

LDAESTONE

End of boring *64.0 fea

AS 91M STN 5M By PAGENO
SS * SPLI PO C * CS CTIUOU SLIQ CA

nuuitm r tnrlit no, Ineedne o f3W7 %0
415ONSIId@bd3@ o

C-58



2363 243 LOAaO -Water PAWerD~rO W.V 63.0 ,
GEL. I DRILL 765.0 762.90 43.'7.5'613

iu ryj~ !!!fl1bU* 1 103 16-11
£ SAN vil -IL MIL - U-NMIPRUIMM VL IMT OA

2/4/ E! -aa ade- 0 0PC6.0

ELIEV Lcoo DRconcretionaIE

760

2 SS 17 8 CL SILTY CLAY: modefratel l sote , no r onr e magte

is ~~~~~~~tan-brown, obnanlivemtalcrone

7306

3 S 1 7s CL very silty, buff

12

7'5

4 55 12 N/I9L sensi-brittle, very dense, some red-brown mottling

a Ia L : waiuswt~a Idoedenc. Mo. I of 3 16-11

C-59



EEI-O1==crpTION NJOTES

740

33 3 60/3S SKALE: uniform prain ala. and texture, til edd
cnlmlY longbedingplane, semi-weathered, dry,

pay, occasional thin brown beds

CT 2

735

maroon colored 30 - 31 feet

730

CT 35Sb

shale becoming harder, als observe small globules of oil
in drill mud

09~ ~ AIO20"SLR 000dn Mo. 2 of 316-11
C-60



GEOLOGIC DRILL LOG PAMAP W. IOU eme, M
LCAAF ladees~ac, Me.3 of3 116-11

OBS__ _ _ _ _ _ _ _ _ _ _E

-ol ogvama-psy

CT 45Sh

710

CT 55Sb Obuerved cuttiap 24.0 to 61.0 f."

60

CT L UhESTOt4 mmv, Sd py

Lnd of boring 63.0 fat

0 ST MIST TM LC~AA PGW.ILNO
aWL! * NASMWEI ad. ae b. 3 16-11

C-61



1/2366 12786 L e Wators B-61/HSA i PPC3-0

R. B01111lt 776.17 773.80 14.15'/759.65' 6/1/88

1111 y 1 .1 c OPZON NOTES

1 SS 13 7 .ILL FILL clay with trac* silt, abundant carbonised nodules,
22 very stiff, moist, abundant amddiaed staining
14 red-brown

truce amn gravel

14

3 SS I8 5 CL CLAY: well sorted, trace silt, low plasticity. moist, trace
7 mottling, red-brown
9

4 33 18 5 765 CL awe moist ad plastic

5 U S 1 4 CL 77 trace lignite fragments and roots, lowe mois and plastic
9

6 S s S ..CL trace gravel. become. layered gray and brown, become.
* very stiff, may be claystone or weathered shale

14

I 88 18 17 Sh SHALM saeas character as aboe,. more cohesive fim, gray
38 and brown

C-62



VsV

OSS2 ~Sb SHALL fine, well sorted. flasil. light grey

23

743 M as above

10553 2 /O~ Sb

30

End of boing *32.0 fesS

IT* ~ :LCAAF PWW

MI udesmOudc. o 2 of2 1-7d
C-63



GEOLOGIC DRILL LOG 11- - 6S ,m. 1 1of 1 16-13

1/488124M4 Wd= ese. ATV/HSA IV1 4"PVC 20.00'

R. ennet 775.40 773.38 7.83'765.5' 6/1/33

OffscuzPrzOH NOTES

I 58 8 12 - _ILL FILL: clay, trace fine gravel and roots, very stiff moist.
t0 trace mottling
30

255314 6 70abundant lignite fragments, gray and brown

3 SS IS 4 CL CLAY: wel sorted, stiff moist, trace mottling, red-brown
4
5

765
4 58 1 4 CL moderate plasticity. wet

4
3

553S 0 3 CL NO RECOVERY

4

68 3S is3 76.C abundant lignite fragments, pray
S

CL taot mwt e

C46



GEOLOGIC DRILL LOG LCA. a? eed~e Mo. I'of 1 17-7

11238I 7102/0 La Westr 5-61/M HS 4" PVC 17.50'

a. DarNtt 740.05 737.45 11.91' 725.54' 6/1/31

KOUDSCMIPTXCN NOTES

1 88 10 2 .. OL TOPSOIL: silt. clay. humus, roots, moist, dark gray

735-

288 12 2
2
3

3 53 18 2 CL CLAY: trace silt, fne gpaid and lignite fragments,
1 moderate plasticity. saturated, some mottling, dark

3 Cray toblack

730

4 88 18 2 CL C euthin silk lenses, saturated

10

3 U818 2 CL no gravel, saturated

6 38 18 2 CL abundant lignite fragments
2

7 8818 2CL somaeiWt. no lignite, saurate

End of boring 0 17.5 feet

ts : MVLMIT12LM Mjl 1 ;;ZT ~ Indepudeuce. Mo. IfIL1-
C-65



GEOLOGIC DRILL LOG ILCAAP!20 m Me 1 of S 17-8

11124 831 2Pilo Wst, Gardaer-Dnvr 500 ir 4m PVC 8.0

F. Dartz 740.04 737.45 10.67' 726.73' 6/1/3

ouscmzpTzoN NOTES

735-

FOR INFORMATION FROM 0 -15 FEET. SEE
GEOLOGIC LOG 17-7

730

10-

725

7n.

C-66



GEOOGI DRLL OGLCAAP, Indepoidemce, Me. 2 of 5S 17-8

OUEV 04 NMMPTZOl 140TES

25815 5 CL very silty. silty send laes at 24.5', very soft

25

710.

3 386 1 r- Sm SAND: medium, well sorted and rounded, abundant silt,
2rde to clean sand at 29.0', wet, loose, pay

2- -

30 .

705 -

4 33 6 12 -M traceson"a pebbles
12
14

35

5 3358 14 Sm SAND: medium, well sorted, abundant sodt, trams o( fine
26 gravel, saturate, inedium Cray

26

40

-u 1- -LCAAP PUW X 0
SS W PIT OC?

. U : SWUN~ Indemadence. Mo. 2o 78
C-67



ORSMITIONNOTES

6 S 1 1 -SAND: medium. well eorted, interlayeied with bed of fine

13 ead with abundant eilt, eaturated, miedium, gray

S -

690

7 SS 6 17 SM samne as above, trace of fine pravel
24
14

so-

S U 12 1s DA S7 D Samm above. fin gained

27-
21-

9SSU5 13 *. SAND: medium to coarse. moderatey sorted, eome gravel,
14 traue kinit, alluvium, loose, wet, pray

60

675

1010AN 171nd a GRAVE: coewe pined, Poorly eorted, true

C-68



GEOLOGIC DRILL LOG LCAAP, ladowmkdsce, Mo. 4 of S17-3

III! U ~ORScMZPTzON NOTES
I.L

65 a"&bw

670-

11US 3 17 SW iegae
21
9

70

665

125 7s 15i SAND: medium to coarse, moderately sorted, trace gravel,
21 subrounded. loose, wet, Igay
20

75

660

US to 6 NJ7SIT: well sorted, thinly bedded, semi-soft, semi-moist,
5 pay

655

14 $8 6 20 ML with some coars send and Swat, medium to coarse vet,
13 gray

S" U310 S al 3WL IT -"M LCAAPPANO IEN.
r : MUMsA~~3 I4dowa-66CO. Mo.4of518
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GEOLOGIC DRILL LOG 1 MUAMLCAION e dec Noo. PW No.~

O.ScRZPTZONNOE

Interbadded L~D"STONK a=d SHALE
End of borng as8.0 fe"

lT 913 ST MO-l LCAAFr~~ C:7 lUo:~ AIEjIdepeademc. Mo. S of S 17-8



XY N

GEOLOGIC~ DRL LO L TOPSOIL clayy hmuwit ome Its wel sorted,
1 moistr d-1H Ak b 12ntoblc

Zl22;8 M22 & - 4-PC2.0

. Beoist, t748ce mot6ling red-b 78rown6/8

d- 3

IS3 8 6 3 CLa4Sasbv

S3 IS1 1 CL moderate to high plastiocity, saturated
2

10

6 33 is 2 735 CL SILTY CLAY: wall sorted, high plasticity, saturated, some

22 mottling, red-brown

6 SS 18 2 CL abundant lignite, medium, gray
2

is

7 31 18 4 70CL Sam as above
4

83 SIo 5 CL $race mottling
7

091M In O.TIJJSAPEIJdependen. Mo. I of2 17-9

C-7 1



* GEOLOGIC DRILL LOG LCAAP, Iadpwadm, No.F2219

p DSCUZPTZON NOTES

End of boringQ 20.5 fat

"M Ulm ITiNT LAAPxru
PUT a PT CIDJnNLEldepoudeace. Mo.2of2 19
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1~ ~ ~ ~~~~~C 26F 881 210 88L7-aeu T M I A3 10 ' V2.0

P.AR LCaz. 74c.1 74.4o1.7 725.43' 6 138

-LO I up -r -~g " I

ELE OUSCH PTOH OE

74,

740 FOR INFORMATION FROM 0 - 15 FEET, SEE
GEOLOGIC LOG 17-9

735

730

I s t 11CL SILTY CLAY: wall sorted, abundant emlt. trace Mo"t,
14mottled red-brown and pay, semi-aim

-A5M LN TMCAW-VP7M
~I :UUU6Iud40ud"ce. Mo. I o2117-10
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GEOLOGIC DRILL LOG LCAA?,ldpuan Mle. 2 of 2 170

OCMPTION NOTES

2 SS 13 7 CL mor mottling and carbonised wood fnmgmnta

13

25
720

End of boringe 28.0 feet

is 57 BU asc 1. utde Mo 2 of2 17-10
C- 74



GEOLOGIC DRILL LOG LCAAP. lad. uadence. Mo. 1 5o 1 S I18-7

2:/ L/ IL! L !!1.!"5m fGardner-Dwnr SOOr 4- PVC 94.00'
TOF Of QUIM IRULIV. INW M 9H U IUAMB W

P. BartzI 39.26 737.40 12.41'/724.99' 6/1/88

J

735 -

1 SS 12 3 CL SILTY CLAY: well sorted, abundant silt sand roots,
8 uniform texture. stiff, some mottling. semi-moist,

730

2 SC 17 5 CL sansabv
6
7

10

725

3 SS 8 bm M CAY"Y SILT: poorly sortedl, some clay and very fine
1 sand, abundant roots. incresed slt at 16.0,. soft.

* 2somie mottling. very moist, dark Cray

720

4 53 1 4 CL SILTY CLAY: moderately sorted, semni-firm, semi-moist.
3 some mottling, gray

C-75



Ii OUCRZIPTZON N4OTES

7156

5 55 is 2 CL interbedded CLAY and SILT: ueml-sft, imodetrately sorted,
2 Veyrcit m

S

68810 - SAND: clayey silt grades down to flne eand, well sorted,

31 rounded, loose, we. gray

705

1 terbedd1 SILT, CLAY, and SAND: thinly bedded, ali

30 sft,"I, mywith abundant woody plants

24

7w0

8 St 14 9 SAND: fine, well sorted. rounded, loose, wet, Vess-gay

AI 0I Y SI"T CA A 0 & 0

C-76



GEOLOGIC DRILL LOG LCAAP nevsac, JM. 3 of S 18-7

OSCZTIONNOTES

69,

9586 11 k

6906

lOSS 1 10 SM

23

665

1153 1 0 22 gi

655

610

* 1 5 9 38 S SAND: Mwn to mnedium, smeB sorted, trace of comm sand
23 and Bwu gravel. maturated, medium pray

60-

673 SA I D : flae to m edium , fa ir inoted, a u dm a U it s

14531 1A 22 ,S M rlsunsm, trace la rvel aimurated, pray
U-M - - LCAAF AEN.M?

Ir i : MUM' AL 91,9Is9 RW Indogndece. Mo. 3o 87
C-77



GEOLOGIC DRILL LOG7 LCAA?. Tu~~da Ao r4 oa 13-7

OuNcMZPTzoN NOTES

65see above

670

14SS 11 23 - M sam~e asabove
25 J
27

70-.

665

1523 6 10 sm ti. o corn., truce Hignte and fim gavel, very fin. sand
20 as75.o
21

1638 is I CL CLAY: Well sorted, plastic, very unform texture, smi-soi%,
1 very Mow, a". beconm. silty at $0.01

'55

111S2 to 14 SAND: &wn to medium, pouly WoWe. abundant lignite
alluvium, trace listaeoeft asmmt, koe, 'et, pay

C- 78



GEOLOGIC DRILL LOG LCAAP, Ineede Me~ . 5 of 5 18-7

Ma all OUScRPTZOI4 NOTES

18 S3 9 45fine,. wall sorWe, trwAc lignite alluvium. subangular.

65/ tightly packed, met, gray

90

toss S /V -IS weathered surface atquarts and limestone rack

LIMTONE: hard, massive, fractured, gray

End of borng 0 94.0 feet

FT ffa l a OUIMOUSMLE ad mue. No. S of 5 1 1-7

C-79



WEL1L CONSTRUCTION RECORDS OF
PREVIOUSLY EXISTING LCAAP WELLS



aA WGmNJ.m~As~cLANO '9;47a Z. US~74~~

LOGOF SOIL BORING ro .~.~ 1
r-Mv a !iy/2, &.so
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Surfae Sevtnw:____________-
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LOG OF SOIL BORING _____________

Co-ordinates: 2huE owt~~

Casing Above Surface:_____________ __________________jShIm.)

Rofefewia Elevation:_____________ ___ tE II I
Reference Cosnpotian: _____________

16 . 16-

Cc i' : iC- ~ aa~ 1G?%.-
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SCIEP14C ANO-14540 V5.hf~4 I ______

LOG OFSOIL BORING 6.I ,'S____

Surface Eevaon:_____________ V9'46./ -% - amtiu
Casing Above Surface: ~Ss
ReferescmeElevation: __ _ _ _ _ _ _ _ _ _'~ lC) n C ~?a
Reference 0*sription; MAmwA- _______ -k.!c TZV "me 10 _____

care nqAy& O~r QAj7C

____ ___ ___ ____ ______ ___ ___ mem6 I IrtdE; 14S 1

P. LD EZ-S

-z 12 k~i~- S. ICA~ f~ a'

2

3

45
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______ _____ _____ _____ _____w__1_ 
'" I-"-

LOG OF SOIL BORING __ _ __ _ _ __ _ _ __ _ __ _ _

Surface Eevation: 
opmu.&'4

Casing Above Surface: ______________________ 
NowC?

Reference Elevation:____ _________ WA 0A9.L 1 ?Mg 1IMd

Reference CDsription: _______________ 
u II___

Tz L- r,

2 J V LP MM O2. 410p-

77' _ _ _ _ _ __4

-QM7 - !k__

3dA. y /

71'6

z I 
C

I1 0__%A___A-____ ___ ___

,K1.0 %A - - Mg -

'7=7 1:z 0 w-A I Z,

Y4- s . 1Y '-60 -
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scw~~~~o ANOQ, 1 6.

LOG OF SOIL BORING 6'6j-40t_____

S.rface Woluvan: -m du 4O. 4

Cainq Above Surface: z CD /, hamhf

Reference Oesnoction: 14'4A'- 09~ =4/ 2m.& I I I OC 'I i
_____U_1 CAM__ _ __~ 5 -~

~~~~~..~00604C V267 I :c w ~ J~ /'#kie ~iU
c u ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _9]_ _ _ __6_ _ _ _ _ _

1; Z6 04 _____________________

I IV
L /'iI _ _ _ _ _ _ _ _ _ _ _

4",

_~~ 

7___ 

_

IA 1 8
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1~ 14 hIV9.

S7 CL M1 S- ' A U..Iftld.4r

I 4
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S ~ ANC _____

LOG OF SOIL BORING__ _ _ _ _ _ _ _ _ _ _ _ ______

Caing Above Surface:___________________
Rtferce Elevation:______ _________

Nefffews Oesniotion: ".a____________

a Ire^

3

4A-
aL -S

1s0 e-r Id 09- =UK

a-

4.2& fin 4 e '~~~h ~l ~

-,w.4e ACe t..C -- A

IA u

F 1 -i~LeA Ai ZIle '~

V
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- - MA ONGINIENUING. ___ __ __ __ ___MON___

SC:E~~~cE .NO I-p _____

LOG OF SOIL BORING e-4 - 7

Cc-osdinatu: IaCdw oo 5 101- Cw

Srfs=g Elevation: r' ' t ) .1 O UaG

Reference Elevation: _ _ _ _ _ _ _ _ __ Warta IN.VU.I 7 J ~iI1z.~ ~
SRefermnce Ossriotion: sfl-* Oi -IM6 aG0o/3 e1,4iI

- . 0 ..L.
U~~~~~* r _ _ _ _ _ _ _ _ _ _ _ _ _CA__ _ _ _ _ _ _ _ _

I,% A- I.

3 ____

!77A4

TTF - _ _ _ _ _7777j

2-
W a ___ __ __n,_ ____l__/W_

__ _ __ _ __ _I _ _ __ _ __ _ __ _ __ _ _ __ _ __ _ __ _ __ _ _ __ _ __ _ __ _ __ _ _ __ _ __ _ __ _ _

)ViiT 1I, cmA Hqj Art, 1.LaY ______7

£ IIH
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ZNGQ.4 %0G. -CAC.

M %:IENME ANO I At" a&E. 75t-Af sI !ep/-c
T!.)4NCLPCGY. INr.

LOG OF SOIL BORING:..c46C 1ASPzs.

C-ordinates: C %I"C ,

CMU'ng Above Surface: _________________ ________________________e

Reference Elevationm: _________________ *t *LIIf

Reference Oescrititon: tI 9e I _______

CA J.[,A

__ _ __ _ __ _ __ _ _ -. :.~d 4M____

IA/1' 6 1 q-aA
-~ ,8 7'

', ! -~' ~ *.I . -_ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _

!// ~ Z -L _______________________________

ji/ o__ __ __ __ ___ __ __ __ __I L/"'1 I/ kF1~~~~~~ QI~L "" f.. 'Iqa'*t -j
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LOG OF SOIL BORING _ _ _ _ _ _ _ _ _ _ _

Reeec lvto -
WA 

-i

_ __F

* 40

V4v,

17'I __________________________

P" Jof~-

1L ____________________________

i~j - IA'.J 110~ ~ AA'/

-. -. Hl

iii t, '

It i~~ 9.A~e~e7
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Casing Above Surface: ltLIL
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Surface ievaton: 
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elevations taken. 4)NSI JILIC I ION( U' NVILLL

frtop ofV c7asing

Ithreaded-cap arndELV 77ZZ

3protective casing Z
with lockable cap

ELLV -774Aq

4diameter, Class5S3 160, Pvc pipe ,.,

cement grout /

I bentOriite seal

gravel pack ELV 7-.

5long Schedule 40I.020 PVC screen *

MW I- I

C-131



TEST BORING LOG

Lake City AAP B"N MN1. Ih 1I1 of

_Surface Elevoion 774.9 Off __.

I1 a DetStwu_8/11/81 Campletd 811/181
Independence, Missouri Dowl u T. Butler

Yv & Stat P ril0w T.Rige

Abbirmeivtofs: A.0. - AUWm Only R.l. - Pack B3 C W. - Core VitrM.A. - NWfow Aut S.. - Sdlit Sown C.A. - Coe A,'
W.l. - Wmh Sore S.T. - Shoby Tun F.g. - Fonqwr got.

DEPTH PENETRATION RECORD ) SAMPLE DESCRIPTION8o

FRM TO x 10' 0 W8 COLOR-MATERIAL-MOISTURE- COSSNCI 0 OSN ENSITY

10.0' W Weathered sandy shale

10.01 13.5' WB Same

13.5' 19.5' WB Gray & dark gray shale, med. to stiff

119.5' 23.0' WB Same

123.01 30.0' WB Maroon shale, stiff

'.0 ' 40.0' WB Light gray shale, stiff to hard

!~21 Total depth.
I-_

I- -W_ - _____

i - h - - _____

IC

IRS Caing Water Lois, Etc.I Water Le u Time Date
a-umped 1-1/2 hour - 1/2 GPM( 1.7 9_____1|_____

C-132



f~rf~w f caingELEV 764-88

I long steel
r,,.mtiv* casing

,tlockable cap

weep hole 
E E . 7 p~

4a.j~ter, Class
'60I PVC pp

cement grout

-,%tan it. seal

han6-sLotted 7

I grsw pack EL EV. -759

,.vva pa~ ck

44

MW i-Z

C-133



TEST BORING LOG

L Lake City AAP Borwi No. MW 1-2 __1 of 1

I Surf= Evon 762.9 O _ _ _

AddwS _ DaMSu 7/29/81 Conpe*W 7/29/81

State Independence, Missouri Driller T. Butler

Abbreviatior: A.O. - Awgr OnlIv R.S. - Rock Oi C.W. - Core Weur
N4.A. - NeIOw Aupr S.S. - Split Saw C.A. - twe Air
W.3. - Vvmh ewe ST. - Slelkv Tute F.S. - Finjw lit.

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

0 CLA COSSECFROM TO x w wU COLOR-MATERIAL-MOISTURE- CONSISTENCY
FROM TO w SAND DENSITY

I0.0 5.5' WB Dark gray silty clay, med. to stiff

5.5' 10.0' WB Dark gray silty clay, med.

10.0' 11.5' SSl Dark gray silty clay, med. to stiff

jiil.5 17.0 WB Weathered sandy shale, med.

17.01 19.0' WB Maroon shale, stiff to very stiff

19.0' 22.5'1 WB Light tan & light gray shale, stiff to
very stiff

22.5' 26.0' TB Light gray shale, med. to stiff

'w..o 29.51 WB am
229.5 35.0' W Same

it 37.5' WB Sam

5' 40.0' WB Maroon & light gray shale, med. to sti

0' Total depth

RKS: (Casing Water Los. Em) Waer.evd Tme Date

=pod 1-1/2 hour - 1 GPM 1.6 9/11/8k__ml/8 im

e -Western CompnY,/Inc. C1



3 CONSTII I i(: I I N OF IILL
elevations taken.

from top of casIng ELEV. 7.oIf threaded cap and
male adapter

4' long steel
protective casing z

wit lockable cap 2

4" diameter, Class1 160, PVC pipe

3 cement grout

U bentonite seal

3hand-slotted 4
P V C p ip e %% % 

U V - 8

S' lng Schedule 40 v

.00PVC screen

cap- 64

L~~~~ JE 8".0LV I,

1. '1W 1-3
3 C-135



CONSll(1':I ION 01 WILLI elevations taken.
from top of casIng ELEV 763.01
threaded cap and ________I male adapter

41 long steel
protective casing
with lockable cap

4" diameter, Class1 160, PVC pipe

cement grout

I bentoriite seal

I.b
hand-slotted 43s

PVC pipe *,
50 EU.V. 72..O

gravel pack

5long Schedule 403 .020 PVC screen

ELEV. 717.5

g MW 1-3
3 C-136



5 TEST BORING LOG

-ake City AAP Boeing No. MW 1-3 See 1 Of

____ ____ ____ ____ ____ Surface Elevation. 761.0 -Offalt_ _ __ _ _

________________________ Date Stiled 7/30/81 Comnplete 7/30/81

&am Sele hdependence, Missouri Driller T. Butler Rig_______

Abbreviti@flI: A.0. - Auger OnlV R. . - Pock Oil C W. - core Wait
H.A. - Hollow Aupr S.S. - SWit S0oo" C.A. - -Core Air

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

L RDM 0 >. woCLRATRAMOSuECLAY CONSISTENCYW)W 6U0COO-AERILMOSUE SAND DENSITY

i .0 1W Topsoil

t), WB Dark brown silty clay, stiff

=.f 0 WB Brown silty clay, soft to med.

Cr 1 1.1 SSl Same

1.1 WE Same

71-801 01 WBBrown silty clay w/trace sand, soft

.o' V%5 SS2 Brown silty clay w/trace sand; soft

2 5' .6 WE Brown & gray silty clay, soft to med.

2..5.~01 WB Same

30. 0 .7j7 WE Gray silty clay, med.

31.5' 0'1o WE Gray silty clay, soft to med.

360 1.01-WB Same

140. 5.' WE Gravel w/trace clay

43.51 %of WE Gray shale, hard

IMARKS:~ 11s~Wr Loss. Etc.)Tme Dt

aped f go 1-1/2 hour -6 GPM 4.8 ____
91L4 1(ompietion)

"A W~w Copnn.C-137



ONSII'I I9 IION II' ILL
elevations taken.

fzo top of casing LV 7 .O

threaded cap and

4' long steel
protective casing
with lockable cap

Iweep ole 
- -V 7 5 .

4" diameter, Class160, PVC pipe
cement grout

bentonite seal

Ie

hand-slotted
PVC pipe E..~. .

gravel pack

5' long Schedule 40 /
.020 PVC screeni

I cap- 4 P

I"ELF.V. 747. 0

IO MW 1-4
3 C-138



m "TEST BORING LOG

Lake City A" Boring No. MW 1-4 Shet of

3 Surtac Elevation 773.0 Off_ _

d DateStarted 7/31/81 Compiew 7/31/81

yfste Independence, Missouri Driller T. Butler Rig

Abbreviat,ons: A.D. - Aupr Only R.8. - Rock Bit C.W. - Core Wever
M.A. - 110110,, AupI S.S. - Soiit Sown C.A. - Core Air
W.B. - Wash Bore S.T. - Shelbv Tube F.B. Finger Bit

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION

FROM T Wz . W> COLOR-MATERIAL-MOISTURE.CLAY CONSISTENCY
X w CC U -"-SAND DENSITY

10.0' 2.5' WB Light brown silty clay, med. to stiff

2.5' 4.5' WB Light brown silty clay w/trace weathere
shale, med. to stiff

4.5, 9.5' WB Weathered shale & Light brown clay,
med. to stiff

9.5' i0.0 _ _S _ Gray shaly clay,med. to stif

10.0' 10.5' SSI 21-50/0.3 Light gray shale, med. to hard

10.5' 12.5' WB Light gray shale, med. to hard

I12.5' 17.0' WB Light gray shale, soft to med.

.0'  20.5' WB Light & dark gray shale, soft to med.

WI
20.5' 24.0' WB Maroon shale, med. to stiff

I4.0 26.0' WE Maroon & gray shale, med. to stiff

26.0' 27.5' WE Gray shale, hard

27.5' 34.0' WE Same

i.34.0' 40.0' WB Gray shale, med. to hard

*40. 0' Total depth

Static
MARKS: (Casing. Water Loss, Etc.) water Level Time Date

.umped 1-1/2 hour - 1/2 GPM 4.2 9 /1 4 /81Completion)

IN-Wlestern Comnan,/nc.
C-139



((JNSI lUN: lION OF~ WELL~a
elevations taken.

from top of casingELv 784

3 threaded cap and
male adapter

4' long steel
protective casing 3

with lockable cap

4" diameter, Class3160 , PVC pipe %.
cement grout

I bentonite seal

I8b3hand-slotted C o

ELEV. "778.2.

1'

I.LV

MW i-5

C-140



TEST BORING LOG M .Project Lmike City AAP Boing No. I ort 1 O 1

Surfa Elevation 784.0

_ _,_.__,_,,,DateStated 9/4/81 _ 9/8/81
%" Independence, Missouri T. Butlert .Stt... ilo Rig

Abbruooatiom A.O. - AuW Only R.B. -
M.A. -- Hollow Aupr S.S. it C.W. - Core Water
W... - WMi Sm S.T. t" SebW CA. - Core A,,
I 4 Tube F.B. - Fi" l" Sit

DEPTH PENETRATION RECORD > SAMPLE 4rR;lIPTION
0o wE
0 1, CROM TO x w CW COLOR-MATERAL-ML.UX. CLAY CONSISTENCYV:5 t L SAND DENSITY

4.5' WB Brown silty clay, *oft to med.

Dark gray silty C~ly w/trace sand,
7.0'__ _______ soft to med.

7.0' 7.5' WB Light tan shaly Clayi, soft to med.

I 5  14.0' WB Light tan sandy shile, med. hard

14.0i 26.5' WB Light gray shale, bad. to hard

26.5' 36.5' WB Maroon shale, med. to hard

7 5' 40.0' WB Light gray shale, hard

40I Total depth

RKS: (Cosing. Water Lous, EMC) Water Levl qi Date

P iDed 2 hours - 1/2 GPM 19//8 complaton)

p- -

i /J ..r Copag .c



WELL CONSTRUCTIONI elevations taken.
Crop of csingf slip cap w 'Tn handle ~~E .7(64.48

protective casinq

with lockable cap

4 " Schedule 40, threaded
flush joint PVC casing

cent: grout5

I.tniesel.
I2

4bC

gravel pack &?

15' 10119 Schedule 40253 010 PVC screen 0

I 
lev. 726.0

C-142



3 *ivaij',i tak'n.WELL CONSIRUCTION

tall of casingLev. 7(64.48L slip cap w 'T' handle
1 5' long steel

proteoctive casinq
with~ lockable cap

weep hole

Elev. 7(0?2.o

4" Schedule 40, threadedU flush joint PVC casing

cement grout

3 bentonite seal

0

Igravel pack &

15' long Schcdule 40 25'3 010 PVC screen 6

plug * -I Elev. 727.0

C-143



T2ST BORING LOG

Prjet Lake City Army Amnuition Plant Borieg No. MU 1-6 Shee 1 Of

Surfae Elevation 762.0 Offut _______

______________________________ Date Starte 12/7/82 Comnplete 12/7/82

My& State independencet Missouri Driller B. Blank Rig -. - ir

Abbreviations: A-0. - Auver Only R.S. - Rock Bit C.W. -Core WoweIW.B. - Watsh Bare S.T. - Shelby Tube F.S. - Finger Bit

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

FROM TO 00- U .O W 0 COLOR-MATERIAL-MOISTURE-~ SANODNSISTY

jrI 1.5' HA Dabo wnsitscaoiitlmd

2.5' 4.5' HA Brown silty clay, moist, med.

4.5' 6.0' STl 0.75 1.2' Brown &gray silty clay, moist, med.

I 6.0' 10.0' HA Saim

).' 14.5' HA Same

* .U1 16.0' ST2 1.25 ____ 1.5' Brown &gray silty clay, moist, sti f

1. 0' 18.3' HA Same
18.3' 24.5' HA Dark gray silty clay, moist, med.

26.0' ST3 1.0 1.5' Sane

26.0' 30.0' HA Same

*30.0' 30.5' HA Light green shale, dry, med. to hard

30.5' 34.5' HA Sae

34.5' 36.0' SSl 0-50/0.4 0.9' Sam

36.0' Total dpth

)%RKS: 4Caging Wate Loss. Etc.) Watr Lee Time Date

Swater at 12.5' 11.5 s 12/7/82 lCompletionl

LI.We- te&w ComIanu.Inti. C-144



nWELL CONSTRUCTIONn 'l evalicils taken.

from top of casing Elev.

Pslip cap w 'T' handle ________

5' long steel

r,rtectave casinq
with lockable cap

* weep hole

Elev. 7qs.

flush joint PVC casing

cement grout

Ubentonie seal 43. 2'

00

*O 0

gravel pack 8?
,

30' long Schedule 40 -39'
• 010 PVC screen -_

plug

-- Llev. 744.qq

10 MW /-7
p C-145



rt1 eva tions taken.
from top of caning Le.77E slip cap w 'T handle Ue.7 77

I.logste
J'roLective casing3 with lockable cap

weep hole

I ~Elev. 752

4" Schedule 40, threaded

U flush joint PVC 
casing

cement grout I

3 bentonite seal

12e

Igravel pack &?

30' 10o1 Schcdule 40 q

3 010 PVC screen e -

3 Elev. 742.8

c-"

1-U



TEST BORING LOG

Lake City Army Amiunition Plant Boring No. 17 Sho 1 of 1

Surface Elevation Approx. 795.0 Offet

_SDate Stwted 12/8/82 Completed 12/8/82

tte independence, Missouri Drille B. Blank Rig AD-2

Abbreviltons: A.O. - Aupr Only R.B. - Rock Bit C.W. - Core Water
H.A. - Hollow Aupr S.S. - Split Spoon C.A. - Core Air
W.B. - Wash Son S.T. - Shslby Tube F.B. - Finger Sit

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION
O LU
X 0 I COLOR-MATERIAL-MOISTRE- CONSISTENCYFRM TO -- 0SN DENSITY

IfW oO OW

0.0' 0.6' HA Topsoil
Dark brown silty clay w/gravel (fill), moist,

1.5' HA very stiff

1.5' 9.5' HA Brown silty clay, moist, very stiff

E .5' 11.0' STl 4.0 1.5' Brown & gray silty clay, moist, very stiff

11.0' 18.0' HA Same
med.

0 19.5' HA Light brown & gray weathered shale, dry, hard

.5' 20.1' ST2 4.5+ 
0.6' Same

20.1' 25.0' HA Brown & gray weathered shale, dry, med. to har

25.0' 29.5' HA Same

29.5' 30.2' SSl 20-50/0.2 0.7' Brown & gray shale, dry, med. to hard

30.2 32.0 HA Same

32.0' 41.5' HA Same

41.5' 47.0' HA Maroon shale, dry, med. to hard

47.0 54.5' HA Gray shale, dry, med. to hard

r 54.5' Refusal

I ARKS: Caln Watw Lou, Etc.) WatefLevel Time Date

Dry 11:45am 12/8/82 (Completion)

ky ne-e tern Complen. :"



TEST BORING LOG

Progect Lake City Army Aamiuition Plant Boring No. mw 1-7 Shr 1 of 1

L ___ ___ ___ ___ _Elevation__ ___ ___ ___ ___ Off 10' S. of 1-7

______________________________ Date Sterted 12/13/82 Comnplete 12/14/82

liiaSae independencep Missouri Driller B. Blank Rig AD-?

Abbreviations: A.0. - Auger Only R.B. - Rock Bit C.W. - Core Weer
K4A. - Hollow Auger S.S. - Split Spoon C.A. - Core Air
W. - Wosh Bore S.T. - Shelby Tube F.@. - Finger Sit

DEPTH PENETRATION RECORD >.SAMPLE DESCRIPTION

FROM TO IdW 0 L SAND DENSITY
I.- U * - o

0OLwW 0.., O

.01 H Topsoil

1.0____ 2.5___ HA______ __ Dark brown silty clay, moist, stiff

U r 18.5' HA Brown silty clay, moist, very amiff

18.5' 29.5' HA Light brown weathered shale, moist, med. to ha

So 36.0' HA Maroon shale, moist, med. to hard

-).' 51.0' HA Gray shale, moist, med. to hard

51.0' Total depth

I EMARKS: (Calling Wets Lons. Etc.) Water Leve Time Date

Dry 9:30az 21/2lmpein



WELL CONSTRUCTION

ELEV. Nq8. 5,
Brass I.D. tag

6" square steel,
protective casin"-.-_

1" diam. weep hole

3' diam. concrete jLV
bentonite

cement

4- diam.Sched 40
threaded flush
joint PVC casing

2' thick bentonit

sI 1-?

eCaI'7



TEST BORING LOG

ProiSwt Lake City Army Amunition Plant Boring No. 1-7A She I of I

I Replacement Wells Surface Elevation Offset

Ar' Date Started 6/25/85 Completed 7/02/85

Lty&State Independence, Missouri Driller Buck Blank Rig AD-2

Abb owiations: A.O. - Augr Only R.G. - Rock Sit C.W. - Core Water
HA. - Hollow Aupr S.S. - Split Spoon C.A. - Core Air
W. a. - Wash Sore S.T. - Shelbv Tube F.S. - Finger Sit'

DEPTH !PENETRATION RECORD >. SAMPLE DESCRIPTION

0 cc > CLAY CONSISTENCY
I ~u I IU COLOR-MATERIAL-MOSTURE-CYCNSSECFROM T z - SAND DENSITY

0.0 0.6 HA TopsoilI I .
0.6 2.5 1 HA Dark brown silty clay, moist, stiff

2.5 4.0 HA Brown silty clay, moist, stiff

4.0 I 11.5 FA _ Light brown clayey silt, moist, stiff
, Light brown clayey silt, with trace sand

11.5 17.3 HA moist, very stiff

I- 3 22.5 HA _ Olive-brown shale, dry, medium to hard

24.3 HA Sane, with thin sandstone seams

24.3 24.7 HA Gray shale with thin limestone seams, hard

24.7 32.0 HA Olive-brown shale, dry, medium to hard

32.0 37.1 HA Dark gray shale, dry, medium to hard

37.1 47.1 HA Marroon shale, dry, medium to hard

47.1 47.4 HA Dark gray limestone

47.4 57.0 A Gray shale, dry, medium to hard

57.0 Total Depth

:MK 'KS: (Casing. Water Lo s Etc.) Water L@e'V Tim Date

Vater level mactired from top of casinq 19.7' 3:30 ps 7/2/05 .m )

15.0' 4:45 ia 713/85

y'wn-Westemn Compangnc.



i tWELL CONSTRUCTIONI revtions taken.

from top of casing
cslip cap w 'T' handle

5' long steel
r,rotective casing
with lockable cap

3 weep hole

Elev. '7(02

4" Schedule 40, threaded f SI flush joint PVC casing )(.(

3 cement grout

U bcntonite seal10 "

0
,d)

gravel pack &

15' lonti Schedule 40
.010 PVC screen e0

a *0

plug

I ., ,-lev.

C-151



WELL CUtN I RU(. iUIN

I f-levations takcn.
from top of caning Elev. -7bS.04I slip cap w 'T'. handle

51 long stl:a

proLective casinq

weep hole

4" Schedule 40, threaded5 ls joint PVC casing

cement grout

Ibentonite seal 
:~

33..
0

I gravel pack&

15' long Schwodule 40 -

.010 PVC screen

Plug --

Llev. 7Z-9.1

NI
MW 1- 8

C-152

U Ph aI.0m. V



*o TEST BORING LOG

Project Lake City Army Ammunition Plant Boring No. MW 1-8 Shoot 1 of

Surface Elevation 762.5 Offlat

DateStarted 12/8/82 Completed 12/8/82

ity & State Independence, Missouri Driller B. Blank Rig AD-2

Abbreviations: A.O. - Auger Only R.B. - Rock Bit C.W. - Core Water
H.A. - Hollow Auger S.S. - Splat SPoon C.A. - Core Air
W.8. - Wash gore S.T. - Shelby Tube F.B. - Finger Brt

DEPTH PENETRATION RECORD >- SAMPLE DESCRIPTION

O 0ORLEW > A OISTURE-CLAY CONSISTENCYFRM TO j U .0-1 lU 0 COLOR-MATERIAL-MOI STR-AND DENSITY
i L) Z, Oi6 j :

Brown silty clay w/weathered shale 
(fill)0.0' 15' HAmoist, reed.

1.5' 7.5' HA Dark brown silty clay, moist, med.

7.5' 9.5' HA Brown & gray silty clay, moist, stiff

9.5' 11.0' ST1 1.25 1.5' Same

171Z I15.0' HA Same

15.0' 19.5' HA Same

995 21.0' ST2 0.75 1.2' Brown & gray silty clay, moist, med.

2280' HA Same

28.0' 34.5' HA Dark gray very silty clay, mist, med.

34.5' 36.0' ST3 1.0 1.5' Same

36.0' Total depth

I

CI.AARKS: (Casing. Water Loss, Etc.) Water Level Time Date

__ r at 9.0 (Completion)

Infe,-lestern CompanqInc.



wtLL COS RUTIO
fItVA1ticit's taken.

I-C'11 to r casing

slip cap w 'T'.handle

I.logstc
pro~tective casinq3Wi~th lockable cap s

weep hole

ElvI7('-
4" Schedu.le 40, threadedI flush joint PVC casing

cement grout

3 bentonite seal

02

I gravel pack

15 "9i~ Schcdule 403 010 PVC screen o

3 . lev. -3.

10 x1W 1-9

C-154



aeainstkn WELL COS RUCTION
rrom top of casing 

Ee.7b .C3 slip cap w 'T'.handle ~E e . 74~

5' long steel
pro~tective casinqI with lockable cap

* weep hole

Elev. 7 0p. 7

4I Schedule 40, threaded
fuhjoint PVC casing

cement grout

I bentonite seal

gravel pack &

.%4
15' long Schnedule 40 18'1.010 PVC screen e0

I. 0
I Llev. -731. 7

C-155



3 TEST BORING LOG

poetLake City Armty Aluniin ln Boring No. MW 1-9 Sheert_ of 1

_____ ____ ____ ____ ____ ____ ____ Surface Elevation 761.7 Of feet _ _ _ _ _ _

_______________________________ Date Started 12/9/B82 Completed 12/9/B82

yesae Independence, Missouri Driller B. Blank -Rig AD-2

Abbreviations: A.D. - Auger Only R.B8. -Mock Bit C.W. - Core Water
H.A. - Hollow Auger S.S. -Split Spoon C.A. - Core AirW.B. - Wash Bore S.T. -Shelby Tube F.S. - Finger 811

DEPTH PENETRATION RECORD >.SAMPLE DESCRIPTION

FRO TO ui o 0 COLOR-MATERIAL--MOISTURE-CA OSSEC4.0 w clay, SAND DENSITY

9 5 11.0' STi 0.75 1.3' Brown & gray silty clay, moist, md..

1.' 15.0' HA Sare

1.1 20.0' HA Samre

'0.0' 21.5' HA Save

24.5__HA Dark gray silty clay, moist, stiffI 24.5' 26.0' ST2 1.25 1.5' Same

26.0i 30.0' HA Save

30.0- Total dtpth

ARS1Csn, ae os Ec)WtrLe ie Dt
A~t ate at pprximtely11.1 WopleioS

H11-A~O/ 0481,#C-5



WELL CONSiRUCTION

Ilev;ations taken.
f rom top of casingev 7(7.N

slip cap w 'T' handle

I. 5' long steel
protective casing
with lockable cap

weep hole

, Elev. 7( a.5

4" Schedule 40, threaded
flush joint PVC casing

cement groutI
bentonite seal

Ib2

I gravel pack &

-S9

15' long Schedule 40 241
.010 PVC screen-

I

-1Elev. 730.5

C-157



WELL CONSIRUCTION

e 1 evntions taken.

from top of casing Elev. 7(o7.0,Pslip cap w 'T' handle

5' long steel

protective casing
with lockable cap

weep hole

El ev. ..

4" Schedule 40, threadedI flush joint PVC casing

3 cement grout

boll ~ bentonite seal 0

I6 35*D

I
gravel pack

I49
15' long Schedule 40 24'

.010 PVC screen

I ~ ~~plug ' . .

P ul e v . 7 2 .

~C-158m~~ . u e ml lml mmmllilil- 6"lllm le



I TEST BORING LOG
P.1C Lake, City Army Anonition Plant Boring No. MW 1-10 shee I Of 1

_______________________Surfs= Elevation__764-5 Offeet _____

____________________________ Date Stated 1/10/83 CopeWe 1/10/83

Jt& t htjd~pendenc*, Missocuri Driller__B. Blank Rig AD-2

Abbrptrstsons: A.0. - Auger Only R.. P ock Bit C.W. -Core Water
fN.A. - Hollow Auge Si. - S011 Stoon C.A. -Core Air

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

W -c i0COLOR-MATERIAL-MOISTURE-CYCNSSEC
FRO M TO xw IX U~ SAND DENSITY

*0.6'l 75 ADr brown silty clay, moist, med.

7.5' 15.0' HA Bonsilty clay, very moist, med.

Bonsilty clay w/trace sand, very moist,
15.0' 65 STi 1.0 ______1.5' med.

I16.5' 22.0' HA Lgtbrown siltyclay, moist, soft

22.01 35.0' HA Light brown to gray clayey shale, moist, med.

% ; Of Total dpth

-



I loevations taken. UtIN '~l(:ItlO 1 L ILfuem top of casingE

I thread.d cap and _ELEV. 77571_.

41 long steel

Protective casing
With lockable cap

weep holeL E.L V. 7 .

4" diameter, Class160, pvC pipe ) ,

cement grout

I bentonite seal

3 hand-slotted
PVC pipe

I LF 74Z.1
gravel pack

S' lbng Schedule 40
-020 PVC screen

cap-I

-ELE.V. 7Z7.1

MW 16-I
3*6



I elevations taken. U.S I M C I ION 01" WLL

f rom top of casing _ ____ . - ELEV. 75717.
threaded cap andI ile adater

4' long steel
protective casing 10
with lockable cap,.

weep holeE, 
Y 755.1

4" diameter, Class
160, PVC pipe

i cement grout

i bentonite seal

i hand-slotted
PVC pipe%.,. 

I.-V- 74Z.1

gravel pack

5' long Schedule 40
.020 PVC screen

ELL.V. 7.0. I

MW L.-1

C-161 RkLe w d i/ar



3 TEST BORING LOG

Prjr Lake City AAP Borkq No. MlV 2-1 Soee_f 1

Surface Evwation 755.1 O _m

AC DateStrwd 8/4/81 Comipeed 8/4/81

Edast e  Independence, Missouri Dii__ _D. Vogt R_ _

Abbrevirmnme: A.D. - Aupr Only R.. - Rock art C.W. - Core WMr
H.A. - Hollow Auger S.S. - Saiot SmA C.A. - Care Air

WJB. - Wmh Sore S.T. - Shelby Tube F.11. - Fingw Sili

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION
1ROM TO >- CAY CONSISTENCY

FROM O ccSAND DENSITY

1.0' WB Topsoil

6.0' WB Dark brown silty clay, stiff

6.0' 10.0' WB Light brown silty clay, very stiff

10.01 11.5' ST2 1.5 3.0' Same

11.5' 30.0' WB Same

0.0' 40.0' WB Gray silty clay, very stiff

.0' Total depth

i --

static

Cain Water Loss, E) Wawr evel Time Date

Pumped 1 hour - 2-1/2 GPM 2.9 9ll8l(Comeion

gyii-werwm 11P1~.I1C.C-162



GONSI1uI(: lION OF N1'I-LL
elevations taken.

from top of casing 7L~ I. 7
threaded cap andf

41 long steel
protective casing2.I with lockable capI

El - ~ELE..7X.

4" diameter, Class
160, PVC pipe ,

cement grout

1 bentonite seal

I.b
hand-slotted C 0

PI ieEE.-3.
gravel pack 8

5' long Schedule 40I.020 PVC screen% 6O

U ELEV. I

MW Z- 2.
C-163



3elevations taken. O S1141N F rL

from top of casing ELLV. -7(,178

threaded cap andI male adapter

U 4' long steel
protective casing2.
with lockable cap 2-77

weep___ 
_ hol 

E.LE.V.7qi

4" diameter, Class1 160P PVC pipe

cement grout/o

P bentonite seal

I.b
3hand-slotted45

gravel packEEV79.

5' long Schedule 403.020 PVC screen 6

IELE.V. 13

MW Z Z
* C-164



ITEST BORING LOG

TLie City LA BoriegNo. MW 2-2 Shet lof 1

SSurftElevation 759.1 Of _ _ _

_______.. ... __ DmSUwd 8/4/81 Comnped 8/4/81

V Stat Independence, Missouri Driller D. Vogt R i

AbbraviationS: A.0. - Aupr Only R.S. - ock Bit C.W. - Core Wate
.A. - Hollo0w Auge S.S. Split SOWn C.A. - Core Air

W.S. - Wash SoM S.T. - Shelbv Tube F.B. - Finlw But

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

I-c COLOMATERIALMOISTURECLAY CONSISTENCY
TO TO.. o SAND DENSITY

of 1.0' WE Topsoil

.0'1 5.0r - Dark brown silty clay

5.0' 12.0' WB Brown gray silty clay, stiff

U1.1 20.0' WE Brown gray silty clay, soft to imed.

20.0' 26.0' WE Gray brown silty clay, sof t to med.

26.0' 36.0' WB Gray silty clay, soft to med.

11VL 40.0' WB Gray sandy silt w/clay seams soft to

14.0 Total depth

static
MARKS: (Casing Water Lcm. Etc.) Water Level Tim Date

iAped 1 hour - 7 GPM 7.2 ____
9 1 1 1 1 Compltion)

.VWneWetam COMpanfy,.IC165



I *i~~eevations takcen. (~~I~Ci(NU' ~iL

I t3headed cap and
male adapter

41 long steel
protective casing

with lockable cap

40 diaii~ter, Class- L..16.

3 cement grout

U bentonite seal

3hand- slotted b00

gravel pack

5' long Schedule 40 9I

.020 PVC screen

P MW Z-3
C-166



TEST BORING LOG

Lake City AAP Boring No. MW 2-3 S 1 O

3 Surfao.Elvation 759.7 o..t_
1__ Stare 8/7/81 i 8/7/81

Independence, Missouri Driller D. Vogt Rig
Abonevistions: A.O. - Auw Only R.S. - Rock Sit C.W. - Core W,,r

N4.A. - H.ollow Aupr S.S. - Spit Soon. C.A. - Cam Air
W.B. - Wash Sore S.T. - Shebv Tube F.B. - Fingr St

DEPTH PENETRATION RECORD >- SAMPLE DESCRIPTION

.w- cc 0 COLOR-MATERIALMOISTURECAY CONSISTENCYFROM TO Z 0 W 0 SAND DENSITYl'- xWu eW

1.0' WB Topsoil

1 1' 8.0' WB Dark brown silty clay, med.

8.0' 10.0' WB Brown silty clay, med.

10.0 .5 ST 1.5 1.5' Gray brown silty clay, stiff*

11 5' 30.0' WB Gray brown silty clay, stiff

30.0' 31.5' ST2 4.5+ 1.5' Gray brown silty clay w/sand & gravel,
rock, hard

.. 5' 40.0' WB Gray shale, med.

0.O' Total depth

itat c
*MARKS: (Casing. Water Loss, Etc.) Water Level Time Date

* .unped 2 hours - 2 GPM .9____ 9 1 1 /8 Completion)

jne- Western Company.Inc.C16



I elevations taken. CONSTRICI : ION OF WE'1LL
from top of casing 

ELcv . 63
threaded cap and

protective casing .with lockable cap

we p hlI_ 
E V 7 14" diameter, Class

160, PVC pipe5

cement grout 2.
I bentonite seal

I.9
hand- slotted sl

PVC pipe 
E V 7o

gravel pack

- 5' long Schedule 40
.020 Pvc screen

MW Z-4
c-168



3TEST BORING LOG U -
pietLake City AAP BoringNo. SV 2- 1f

3 ___ ____ ____ _____ ____ ____ Surfae Eevation_761.3 Onset_ _ _ _ _ _

___________________________ DateStarWe 8/7/81 Complewag 8/7/ 81

&St~e independence, Missouri Driller T. Butler Rig_______

Abtb w BtIWUS A.0. - Aupr Only R.B. - Rock Sit Cmw. - CoeweUt
M4.A. - Hollow Auger S.S. - SeiatSooon C.A. - Core Air

W.S. - Wash sort S.T. - Shelby Tube F.S. - Finger bit

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

FRO T ~U.> COLOR-MATERIAL-MOISTURE CLAY CONSISTENCYW'. c . LU9SAND DENSITYFRM T w w 0.. cc

300' 1.5' WB Topsoil

3.0' WB Light brown silty Clay, soft to med.

3.0' 9.5' WB Dark gray silty clay, soft to med.

L 11.0' STJ 1.5 Dark gray silty clay, stiff

11.01j 14.5' WB Gray silty clay, soft to med.

14.51 19.5' WB Tan silty clay, soft to med.

21.0' ST2 1.5 Tan & gray silty cl-ay, stiff

2.1 22.5' WEI Gray silty clay, med. to stiff

22.5' 29.5' WB Tan silty clay v/trace sand, soft to me

29.5' 33.5' WB Tan silty clay, med. to stiff

40.0' WE Tan silty clay, soft to med.

*40.0' Total deptb

PMAR KS: MCeting, Water Lou, Etc.) WawLjb Time Date

rumped 1 hour - 2-1/2 GPM 3.0 ____
9 / 1 1 / 8 1 mpoltoaion

pyn-Western Compang./nc.C16



WELL CONSTRUCTION
ci evations taken.

from top of casing -E e . '-

slip cap w 'T' handle ______7(o__q

5' long steel
r'roLective casinq 2 !
with lockable cap

j weep hole

El1ev. '7694

4" Schedule 40, threaded

fluh jintPVC casing

cement grout t

bentonite seal

le 2'

1 30'

gravel pack&

I4
15' long Schedule 40 #

.010 PVC screen

L. IW ev 'Z9

C-170



Ii TEST BORING LOG
* project Lake City Army AtIamaiition Plant Boring No. MRU 2-S Sheet 1 of

I __ ___ ____ ___ ____ ___ ____ ___ ____ ___ Surface Elevation 7S . Of feet_ _ _ _ _ _ _ _

AAd _____________________ Date*Steted 12/9/82 completed 12/9/82

UCity &State Indepeandence, Missouri Driller B. Blank Rig AD-2
Abbreviations: A.D. - Auger Only R.S. - Rock Sit C.W. - Core Water

H.A. - Hollow Auger S.S. -Split SPOni C.A. - Core Air

W.S. - Wash Bore S.T. - Shelbv Tube F.B. - Finger Sit

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

FRM TOl'W-E CLSAD DENSITEY
ujM U A>COLOR-MATERlAL-MOISTURE-CA OSSEC

FROM_ TO__ i U, 0o AN EST0.o~ 06' HA oUsoi

0.0 0.6' 50 HA Bownsoiltcly ismd

I 5.0' 9.5' HA __ _________Sane

9.51 11.0' STi 0.75 1.0' Brown & gray silty clay, mist, med.

ll.O* 15.0' HA Samre

15.0' 20.0' HA Save

I ~22.5' FLA Same

I 22.5' 24.5' HA Brown & gray silty clay, moist, very stiff

24.5' 26.0' ST2 2.25 1.5' Samte

I 26.0' 30.0i HA Same

I 30.0' Total d pth __

I MAR KS: (Casing, Water Loss, Etc.) Water Level Time Date
Aftwater at aprxmt~y11.0' ______ _______ Completlon

3171.Western CompangIc. C17



AtLL LUNiRULTIUN
j '1levnLicons taknn.

from top of casingI slip cap w 'T' handle ~- l v 7~* q

1 5' long steel
protective casinq (j with lockable cap

I weep hole

ElvI781
4" Schedule 40, threadedI flush joint PVC casing

cement grout

U gravel pack

15' long Schcdule 40 '
.010 PVC screen 60

plug

'~ _ _ lev. '7Z3.14

C-172



TEST BORING LOG

Project Lake City Army Ammunition Plant Boring No. 1MW 2-6 Sheet 1 of 1

Surface Elevation 758.4 Offlet

A S Date Started 12/13/82 Completed 12/13/82

City & State Independence, M4issouri Driller B. Blank Rig AD-2
Abb eviations: A.O. - Auge'Only R.B. - Rock Sit C.W. - Core Water

H.A. - Hollow Aupr S.S. - S0lit S0ocn C.A. - Core A,?
W.B. - Wash Bore S.T. - Shelbv Tube F.B. - Finger Sit

DEPTH PENETRATION RECORD >- SAMPLE DESCRIPTIONI -
S0 o w

0 ?- x U ) L COLOR-MATERIAL-MOISTURE-CLAY CONSISTENCYFROM TO x 1. 0 SAND DENSITY9 wl orz - *0 0

0 .01 1.0' H Topsoil

1.01 3.0' Dark brown silty clay, moist, med.

I 3.0' 5.0' HA Brown silty clay, moist, red.

5.0' 10.0' HA Same

10.0' 14.5' HA Same

4.5' 16.0' ST1 4.0 1.5' Brown & gray silty clay w/trace gravel &
trace shale, very stiff

I 7 7 18.5' HA Same

I 18.5' 25.0' HA Brown gray silty clay, moist, med.

I 25.0' Total depth _

I - -- __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.cMARKS. (Cre.i- Water Loss. Etc.) Water Level Time Deto

Aft 10.0' _Completon)

i ulane-Westr compan.'Inc. C-173



WELL CONSTRUCTION1 sevaeions taken.
.om top of casing

slip cap v 'T' handle --.

5' long steel
protective casing
with lockable cap

I weep hole , .e (

i 4" Schedule 40, threaded
flush joint PVC casing

I cement cjrout

I bentonite seal

I22Io
0%WI

gravel pack

15' long Schedule 40 17'0
.010 PVC screen 8

-1

plug-

El1ev. 72.74,

MW Z.-7

C-174
U



WELL CONS iRLCTION

l*evaitionis takr'n.I rrnin top of casing

U slip cap w 'Tin handle 
7 .1

1 weep hole

4"1 Schedule 40, threaded5 flush joiflt PVC casing

cement grouL

3 bentonite seal

I.2

Ugravel pack &

3 17'I 15' long9 Schedule 40 0
.010 PVC screen -- , .

U ~~ Elev..7~

m~w a-7
C-175

4



TI TEST BORING LOG

ron Lake City Army Ammuition Plant Boring No. MW 2-7 Shm _1 of 1

I __________________________ Surface Elevation 755.6 Of fut______

A* ___________________ Datw Started 1/10/83 Completed 1/10/83

ky&sae Independence, Missouri Driller B. Blank Rig CME-55____

Abbreviations: A.D. - Auger Only R.I. - Rock Sit C.W. - Care Water
H.A. - Hollow Auger S.5. - SPlit SPOOn C.A. - Core AirIW.U. - Wash Bore &.T. - Shelby Tube F.S. - Finger Bili

IDEPTH PENETRATION RECORD >-. SAMPLE DESCRIPTION
FRM O x t . iCOLOR-MATERIAL-MOISTURE-CYCNSSECFRO TO UA 0I 0 SAND DENSITY

0.0w 0.6' HA Topsoil

I 0.6' 10.01 HA Dark brown silty clay, moist, stiff

10.0' 11.5' STi 1.759 1.2i Same

I 11.5' 13.51 HA Dark brown silty clay, very moist, soft

I_ 13.51 18.0' HA Brown silty clay, wet, soft

1 ±8.0' 25.0i HA Brown silty clay, wet, very soft

1. 26.5' ST2 0.0' Same

I 26.5' 28.0' HA Brown silty clay, very soft

28.0' Total depth

AAK:I ~g aeLs, t. o ee ieDt
I_8.7___ 12:15!!S 1/10/8 __________

'Ra

II wqne-U1e stern Comparntl. C176



elevations taken.3from top o *f casing ELEV. '744.o
threaded cap and

lie male adapter

4' long steel
,protective casing z
with lockable cap

I~~~~E L_______ EEV '74 I.q

4" diameter, classI 160, PVC pipe

3 cement grout

bentonite seal

I,"I hand-slotted
PVC pipe3 EL&-V. (Dq4.q

gravel pack

ELLV. A q

MVI 3-I

3 C-177



elevations taken- 
ELEV. F-744.00(I NIA1

from top of casingELV-740

threaded cap and

male adapter

4' long steel3 protective casing
with lockable cap

3weep hole - E V 74 q

4" diameter, Class5 160, pvc pipe

3 cement groutq

bentonite seal

3hand- slotted 
4.

gravel pack

ELL.V.

MW 3-1

C-178 'Rc1wAAo I? 119r



TEST BORING LOG

Lake City AAP eorft No. M 3-1 She 1 Of 1

Surfs Elvation 741.9 Offst_

Datestarted 9/23/81- co mlet. 9/23/81

v & State Independence, Missouri Driller B. Blank Rig__

Abbr atians: A.0. - Aur Onily R.S. - Rock bit C.W. - Core Wen
H.A. - HOllOw Auge S.S. - Split Son C.A. - Cam AirW.S. - Wah Soe S.7 - &IwI~v Tube F.D. - Fingr Sit

___DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION
o LU

TO 'a I o U. O COLOR-MATERIAL--MOISTURE-CLY CONSISTENCY

I C;_ _ _ _ 0 
SAND DENSITY

0.0_ 1.0 W _B Topsoil

S1.01 5.0' WB Brown silty clay, very stiff

-5 0Gray and brown fine to medium sand,H -5.0' 10.0' WB _med. dense

10.0' 11.0' WB _Same

Brown and gray sandy silt w/trace clay
ll O 15.0' WB stiff

U10.0' 20.0' WB Same

L 22.0' W_ Same

20 n, WB Gray and brown fine sand. loose

125.0' 30.0' WB Same

30.0' 35.0 W_ Same

135.0' 40-l. WB Same
Gray fine sand w/trace coarse sand,

40.0' 45.0' WB -,med. dense

45.0' 50.0' WB Same

950.0O1 Total depth_

RKS: (Casing. Water Lou, Etc.) k r ovle Time Date

Pumped 2 hrs. - 6 2/3 GPM 28.0 9 / 2 3 /kompetic

ky sWestern Company,/nc. c-179



elevations taken. OSRUVIN F

from top of .casIngELV 74qp ~~threaded cap and_______E-. ?4 3
male adapter

4' long steel
protective-casingI witth lockable cap

3 weep hole

E..LLV. -745.0

4" diameter, Class3160, PVC pipe %,.,

3 cement grout

bentoruite seal

'Sr
3 hand-slotted

PVIpp
gravel pack 0e

I4
5' long Schedule 40 4I.020 PVC screen 6

ELE.V. -705.0

I. MW. 3-Z.

I C-180



LONSI ItLit: I ItjN (IF W 1,1,1
elevations taks.n.

from top of c~asing E:LEV _744A3
threaded cap and ________I male adapter

I. 4' long steel
protective casing
with lockable cap /

bweep 
hole 

E L Y -4 .

4" diameter, Class
160, PVC pipe-

cement grout

bentonite seal

hand-slottedI ~ ~~PVC pipe EE' Z .

Igravel packLI

5' long Schedule 40 24
.020 PVC screen

I4.
AV9. L ELL-V. _707.Z

MW 3-a
C-181 REs'vv1rtdorsi 7/us



iST 8ORING LOG

Proje, Lake City AAP SBorit No. MW 3-2 Sh I of1

,,,_Surfeim Elevation "743 Offst

./17/_____..Dao.1e 8/17/8 Copited 8/17/81

O usts Independence, Missouri Driller B. Blank Rig

Abbrowgpone: A.0. - Aupr Ony R.I. - Rock Sit C.W. - Core Wotwr
M.A. - HollOw Auger S.S. - Soit Spg C.A: - Core Air
W.S. - Wash Sor S.T. - SVmly TuIe F.S. - Fingr Bit

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION
0 >

FROM TO x I.- -- COLORMATE.RIAELmois.r CAY CONSISTENCYI. X= 0 SAND DENSITY

0.0' 1.01 lWB Topsoil

i.0' 5.0' WB Dark brown silty clay, stiff

5.0' 6.0' WB Same

16.0- 9.0' WE Brown & gray silty clay w/trace sand,
stiff

§9.0' 10.5' STi 1.75 Same

10.5' 15.0' WB I Same

1 9.0' WB Same

ImI .0' 20.51 ST2 Dark brown clayey fine to med. sand,
_ _ _ dense

-20.5' 25.0' WB Same

25-.0'-- 30.0 WE S-me3 30.0' 35.0' WB Gray clayey fine sand, dense

35.0' 40.0' WB Same

40.0' Total depth

itaticlA S: #CO% Wow Low EIL) Water Level Time Data
'"U4 2 boars - 1/2 GPM 28.3 -_._._co 1 0 I 8  iD

C-182I



elevations taken.3from top of casing ELEV. -744.T7

throaded cap and ________

male adaptor

4' long steel
projective casing 2.4'
with lockable cap

I weep hole LLE E 74LLV ?
4" diamneter, Class

160, PVC pipe -. , " ,,1

cement grout

I bentonite seal

E: LLV -7 .Z

gravel pack 8

5' long Schedule 40 1P14i.020 PVC screen b

UELL-V. 1-
1P

MW 3-3

53 C-183



elevations taken. 
LNTUUO r 1 .

from top of. casIng ELEV. -744.5-7
I, ~threaded cap and ________0male 

adapter 

T
41 long steel

protective casing Jq 2.4'
with lockable cap

I ________E__L E.. 7 2.

4" diameter, Class
* 160, PVC pipe(

3cement grout /)

U bentonite seal

gravel pack 
d)&FV 7_.

35' long Schedule 4014

.020 PVC screen 6

ELL-V. It7.3

MW 3-3

* C-IR4 -



L iTEST 
BORING LOG

_ _ _t Lake Ct_y AAP Borim No. ____ 3Sheet Of1

3 Surfm Elevation 742. 2 ,mllet

_ _ __ DaSared 8/14/81 Compimd 8/14/81

& Stte Independence, Missouri Driller T. Butler Rig.

Abb e vASl: A.O. - AuWr Only R.B. - Rtck Bit C.W. - CaeWateOr
N.A. - Hollow AuPf S.S. - Sit SPOnW C.A. - Core Air

W.B. - Wah Bo S.T. - Shelby Tube F.S. - Finpr Bt

DEPTH PENETRATION RECORD >- SAMPLE DESCRIPTION

TO ~~ wi..E U. w ~ COLOR-MATERIAL-MOISTURCYCOSTEYFROM TO X W9 O Ls =8 SAND DENSITY
wu UZ 0 0L:E :E .Zm €:

10.0' 4.5' WB Orange sandy clay, soft to med.

8.0' WB Light brown sandy clay, soft

8.0' 9.5' WB Brown & orange fine to med. sand

9.5' 11.0' STI 1.0 Orange & brown fine to med. sand

11.0' 17.0' WB Brown & orange fine sand

17.0' 18.0' WB Gray clay, soft to med.

- 24.0' Wi Light brown fine sand

40.0' WB Gray fine sand

40.0' Total deptb
U-

IMARKS: (Cain. Water LOU. Ltc) Water Level Time Data
sped 1 hour - 1/2 WU 16.1 9/10/81 (Compietion)

?wC-18



I U~~ONSTIM: I ION OF VIIL
elevations taken.3 ~ ~~from top of casing E~ 4 z
thireaded cap and

male adapter

4' long steel
protective easing

II with lockable cap

ELEV 74L-.7

4" diameter, Class
160, PVC pipe%, 

.

bentonite seal

I.b
Uhand-slottedCh4.s

P V C p i p e -. .E 

V 0 .7

I 3&.s,

ELLV. q-

~I. MW 3-4t
3-8



I elevations taken. (CONSTI'C Ui IION .I W)Fi
from top of casingELv 

74 qz
threaded .cap and ________________

* male adapter

41 long steel
protective casing
with lockable cap

4" diameter, ClassI 160, PVC pipe

Icement grout 1

1 bentonite seal

Ihand-slotted,,. 64
PVC pipe ELE V. 700. Z

gravel pack 8

3S-

C-187 R Pf~rvUaeI.fte.wr



L TEST BORING LOG

L Lake City AAP Boring No. V 3-4 Shem 1 of

ISurface Elevation 742.7 Offset _ _

_ _ _ _ _ _ _ Date Sated 9/ 2 2 /81ComoeM 9/22/81

IvqlRte Independence, Missouri Driller B. Blank Rig
AbbntiOf ns: A.O. - Auge OnV R.. - Rock St C.W. - Cwt Wor

M4.A. - McOilow Auger S.S. - S42it Seoon C.A. - Core At
W.B. - Wuh Sor S.T. - Shlbv Tube F.B. - Finger sit

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTIONW
* O jCLAY CONSISTENCY

FROM TO x 0 0 COLOR-MATERIAL-OISTURESAN T DENSITY

1.0' WB Topsoil

l1.0' 5.0' WB Brown silty clay, stiff

5.0' 10.0' WB Gray & brown clayey silt, med.

10.0' 11.6' WB Same

511.6' 1.0' WB Brown sandy silt, med.

15.0' 20.0' WB Same

I 20.0' 26.4' WB Same

-76.4' 30.0' WB Brown & gray sandy silt, very stiff

30.0' 33.0' WB Same

33.0' 35.01 WB Gray fine sand, loose

35.o' 40.0' WB Same

40.0' 45.0' WB Gray fine sand w/trace med. sand, loos

* 45.0' 50.0' WB Same

50 00 Total deptt

Static
r tS I1Cmd WiNK Low, hL. Water Level Time Date

M" l.7, boWs - 7 GPM 27.8 9/22/81IOe

C-1u



elevations taken.dLt
from top of casing ELEV. -74..qI threaded cap and

male'adapter

4' long steel
protective casing I.

wihlockable cap

~wee 16 , vc pi e 5 _ E. V 744. 5~

4diameter,-Class

cceenttg rout/0

bentonite seal

K4
3hand-slatted 9

PVC pipe 
E E . U .

gravel pack 
B d

I8
5' long Schedule 40 -

.020 PVC screen

ELLV. -70q.5

10 MW3-
3 C-189



LONSI111i1 I ON ()r'WL

elevations taken.

from top' of casing ELV 74(.q
threaded cap and

male adapter

4' long steel

protective casing........

Iwith lockable cap.......Z
weep hole

E.LE. -744.5

4" diameter, Class

1 160, PVC pipe

i cement grout

I bentonite seal

I. had-slotted

I gravel pack

5' long Schedule 40 
24

I.020 PVC screen-",

I ELEY. 709. 5

MW 3- 5

C-190



TEST BORING LOG

oec Lake City AAP BoringNo. MI 35 See lo 1

Surface Elevation 744.8 Onw_

_ __ Date tarted 8/13/81 Complew 8/14/81

Sta Independence, Missouri Driller B. Blank
Abbrevations: A.0. - Aupr Only R.B. - Rock it C.W. - Cre Woof

N.A. - HallOw Auge S.S. -Soul S0oo" C.A. - Core Air
W.S. - Wash Sore &T. - Shelb Tube F.B. - Finge Pit

DEPTH PENETRATION RECORD >- SAMPLE DESCRIPTION
o0 >U CLAY CONSISTENCY

o 'DENIT.TO Z W. in w.; 0 COLOR-MATERIAL-MOISTURE- DENSITYLRO TO o

_______ a Ln _ ___

l' 0.0' WB Topsoil

1.0'f 5.0' WB Brown silty clay, very stiff

5.0' 9.5' WB Dark brown clayey sand, med. dense

I9.5' 11.0' SSl 3-5-5 1.4' Same

111.0' 13.0' WB Same

1q.01 15.0 WB Gray &brown silty clay w/trace sane,
very stiff

15.0' 20.0' WB Same

". 0' 25.0' WB Same

'25.0' 28.0' WB Brown silty sand w/trace clay, med. dens

29.5' WB Same

29.51 31.0' SS2 3-5-5 1.4' Same

31.0' 32.0' WB Same

932.01 35.0' WB Blue gray sandy silt, very stiff

s35.0' 40.0' WB Same

40.0' Total depth

irzi
ARKS: (Casilng Water Lou. Etc.) Water Level Time Date

mped 1-1/2 hour - 2 GPM 30.4 9/ 1 0 / 8 1 Competion)

" -Westrn Companync.



elevations taken. O TIIIINOFNIL

f rom top of casingI threaded Icap and _____ _EL~v. -764.4-7
male adapter

4' long steel
protective casing a
with lockab.t cap

_ _ _ _ _ _ _ _ _ EL E Y . "7 16 Z .3

4diameter, Class3 ~ 
"160, PVCpipe 5.

cement grout /)

1 bentoriite seal

I8
3 hand-sliotted

PVIie,,,.EE.-4.
gravel pack

S' long Schedule 40 25

.020 PVC screen ##

cap 4

IELLV. 6.

MW 4-1

3 C-192



e levations taken. CNT I:IINO NLA
from top of 'casing ELEv _7(64.41
threaded cap and ________I male adapter

U 4' long steel
protective casing LZ~
with lockable cap

wee __l L - 7(
4" diameter, Class3 160, PVC pipe

cement grout/0

U bentonite seal

IEr
hand-slotted h365

PVC pipe

U gravel pack

5'long Schedule 40 453 .020 PVC screen

ca'U' (
I ~ELLN. Z.

MW 4-1
* ~~~~~C-193 RwveIw.?Za



TEST BORING LOG

meet Lake City AAP Boring No. Mlf 4-1 Sf 1 o 1

S u r f a c e E l ev a ti o n _ 7 6 2 .3 O t 8 / 1 2 / 8 1

OteStr',1 8/11/81 Complete 8/12/81

i asae Independence, Missouri Driller______ B.__BlankRig

Abbreviations. A... - Auger Ontly R.S. - Rock Sit C.W. - Core Water
H.A. - Hllow Auger S.S. - S~lit SPOcn C.A. - Core Air
W.. - Wah Sore S.T. - Shelbv Tube F.B. - Finge Bit

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION
0 0 w0 -e > TRCLAY CONSISTENCYFROM TO , cc ki. COLOR-MATERIAL-MOISTURE-SAN CONSITY

01 LU 0SAND DENSITY2 N o cc.

10.0' 1.0' WB Topsoil

1.0' 5.0' WB Gray & brown silty clay, very stiff

5.0' 9.5' WB Same

19.5' 11.0' ST1 2.5 1.0' Same

11.0' 15.0' WB Same

Gray & brown silty clay w/trace &and &
".0' 20.0' WE crmvel, very stiff

h ' 25.0' WB Same

125. '  30.0' WB Same

m30.0' 35.0' WB Same

n35.0, 36.0' WB Same

* Yellow brown silty clay w/trace sand,
36.0' 40.0' WB very stiff

40.0' Total depth

* btaticmARKS: (Caing. Water Lo Et.) Water it~vie Time Date

Uvp ed 2 bours - 1/2 GPM 18.9 9 / 1 1 / 8 1(Competion)

-Wetem ompmj, nc.C-19,



elevations taken. NT(ION F

from~ top of casing 
ELV 7'qp threaded cap and

male adapter

4' long steelr3 protective casing
with lockable cap

4diameter, Class3 '" 160, PVC pipe%.)

*cement grout 14!

bentonite seal

3hnd-slotted 4
PVC pipeELEV. -741.(,

5' long Schedule 40 2a .020 PVC screen

ELL-V. -7116.4

3@ MW 4-2.
3 C-195



TEST BORING LOG

Proect Lake City AAP Boring No. MW 4-2 She 1 Of 1

Surface Elevation756.6 ______

________________________ DateStarted 8/24/81 CompleWe 8/25/81

K IndependenC, Missouri Driller T. Butler RigAbbyIvilto: A.O. - AUgw Only R M. - Rock Bit C.W. - Core WaW
N.A. - Hollow Aup .5 -S Saon C.A. - Care Air
W.I. - Wa Oh -T. - Shlbv Tugs F.B. - Finger Sit

DEPTH PENETRATION RECORD, > SAMPLE DESCRIPTION

FROM O. IL I COLOR-MATERIAL-MOISTURE-CAY CONSISTENCYFROM T UZw 0 A DENSITY

.0.5 WB Topsoil

0.5' 7.0' WB Dark brown silty clay, soft

7.0' 9.5' WB Gray silty clay, soft111.0' ST 1.0 Gray clayey silt, soft

11.0f 16.0' WB Same

16.0' 19.5' WB Light tan silty clay, soft

-5' 21.0' ST2 2.0 Gray silty clay w/trace sand, soft to aN

i 29.5' WB Gray sandy clay, soft to med.

29.5' 39.5' WB Same

41.0' SS1 Same

41.0 Total depth

iz~i
*MARKS: (Casing Water Lou. Etc.I Water Livel Time Dow

mved 2 hours - 1/2 GPM 10.0 _9/61L81(ompetion)

C-196
CpngIc



(AONSI Jcij(: I ION OFI
elevations taken.

from top of casing

threaded cap and _______7S8_4

male adapter

4' long steel3 protective casing
with lockable cap

4diameter, Class(
1 6 0 , p v c p i p e ,,. ..

cement grout17

bentonite seal

I hand-slotted

gravel pack&I8
5' long Schedule 40

.020 Pvc screen 60

I C-197



U INN'DC1 t It I I 0F' h I.L 13 elevation* taken.
from top of casing9 E Lzv _7SO4
threaded tap and ________

male adapter

41 2onq steelI
protective casing25
with lockable cap

4" diameter, Class3 l60, PVC pipe"

cement grout17

I bentonite seal

I.r
3 hand-slotted

PVC pipe--

U gravel pack

5' long Schedule 40 1-7
.020 PVC screen

I ELL-V. -718.5

MW +_3

C-116 P.9vfaa8ra



TEST BORING LOG

Lake City AAP Borg No. 11W 4-3 Sheet 1 af I

_Surfa Elovation 75_.9 Onset

A S Date Started 8/12/81 Compoed 8/12/81

I Smt Independence, Missouri Driliff T. Butler Ri
Abbrv~loo: A.O. - Auvw Only R.B. - Rock Bit C.W. - Cam West

H.A. - 0olOw Augr S.S. - SPIt S0oo0 C.A. - Core Air
W.e. - Wml DOM S.T. - Shelby Tube F.S. - FPnW Bit

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION

0 u> CLAY CONSISTENCY

FROM TO Z W1 0 COLOR-MATERIAL-MOISTURE-CAY CONSITY
I. U W o SAND DENSITY

1.0' WB Topsoil

1.0' 7.5' WB Dark brown silty clay, soft to med.

7.5' 9.5' WB Brown silty clay, med. to stiff

i9.51 11.0' ST1 4.5 Brown silty clay, very stiff'

11.0' 12.5' WB Brown silty clay, stiff

"2.5' 17.0' WE Light gray silty clay, soft to med.

117.0- 19.5' WB Light brown silty clay, soft to med.

I9*.5' 21.0' ST2 1.0 Light gray silty sandy clay, med.

21.0' 23.0' WE Light gray silty sandy clay, soft to me

123.0- 28.0' WE Light gray silty clay w/trace sand,
soft to med.

28.01 33.5' WE Light gray silty clay w/trace sand, sof

* 33.5' 34.5' WE Light gray silty clay w/trace sand &
_weathered shale, soft to med.

i34.51 40.0' WB Light brown sandy clay, soft to med.

40.0 Total depth

b; atic

"ARKS: (Coo Wu Loes EL) War Cevel Time Date

PvMd 1-1/2 bour - 1 GPM 8.0 9/11/81 (Cofmpwion)

OW A. C-199



Uelevation& taken. OS ICIIN01ULL

from top of casing EL 7-4.5
threaded Cap and_______

4' long steelI
protective casing....

E.LLV. Noz.6D

4" diameter, ClassI 160, PVC pipe

cement grout 0

I bentonite seal

hand-slotted

1P "" ELEV. 74T. 6I gravel pack

I4
5' long Schedule 40

.020 PVC screen a

UELV. 75 .(

MW 4-4

C-200



TEST BRING LOG

Poci Lake City AAP Boing No. MW 4-4 Sh 1 of1

_______________________________ Surface Elevatin 762.

_______________________ Dane Started 8/12/81 Cope 8/13/ 81

Independence, Missouri DdW B. BlankRi

Abbgvlmi0fs: A.O. - Auger Onily R.S. - Rock sit C.W. - Core VW&W
N.A. - Hollow Aupr S.S. - Sol SCOW CA. - Core Air
W.B. - Wah Gore S-T. - Shelby Tube F.S. - Finet Sit

DEPTH PENETRATION RECORD >.SAMPLE DESCRIPTION

FROM TO x wg.. 'Lw COLOR-MATERIAL-MOISTURE-CLAY CONSISTENCY09 SAND DENSITY

0.1 1.0' WB Topsoil

3U0 5.0' WE Gray & brown silty clay, very stiff

5.0' 10.0' WE Same

__ _ 15.0' WB __Same

115.0' 19.0' WE Same

- 9 0t 205 1151.1Gay & brown silty c wa T w/r~ a aG
'.9.' 205i S 1.51.3'stiff

2Q ~51 25.0' WE Same

1-.1 30.0' WE Brown & gray silIty clay w/trace sanG
- - gravel, very stiff

30.0' 35.0' WE Same

13.' 36.0' lB Same

3 01 40.0' WE Brown silty clay, very stiff

*40.0' Total deptb

MWARKS: ICaShg. Water Loaok Etc.) Waet Leve Time Data
Pumped 2 hours - 2/2 GPM 13.8 9__11 9 / a l4ompltion)

re Western Comnfl InVc.C20



Clevations taken.
from top of easing

threaded CAP and Flv 76T
Male adapter

1* Protective casing
with lockable cap

weep hole

1 4" diameter, class
16 0 , P V C p ip e ,, " ,

cement grout

I bentonite seal

1. 0

gravel pack&

1 
1 5 ' 

a5long Schedule 401 010 PVC screen 0

3 
Elev. 7.37.7

10 MW 4-5

V C-202



TEST BORING LOG

Iroct Lake City Army AmunwitiOfl Plant Boring No. - W 4-% Sheet I o

_________________________________ Surface Elevation________ Offset_________

ADate Started- i fll /t Completed 71 /R~ j

Uy sae Id~ npn--m sitr Drillerpr .1_ ; t1 ,a Rig ___ -____no__

Abbrevations: A.D. - Auger Only A.S. - Rock get C.W. - Core Water
N4.A. - IHotiow Auger S.5. - Split Spoon C.A. - Core Aar

DPHW.B. - Weth Sore S.T. - Shelby Tube P.O. - Finger Bit

DPHPENETRATION RECORD >SAMPLE DESCRIPTION

* FRM TIf W 0j SAND DENSITY
oww .00.. OWU

G 0.0' -7.5' WB -__Light hrnwa L gray %il-U nl~yi wi A #-^~ e$-i~f

7-5*' 10.0' WE __ ________ Same

10.06 15.0' WB ______Same

115.0' 20.0' WBI ________ __ Same

J20.0' 295 E __ Gray Silty rlay. very graft 1-n nft

29.5' 40.0' WE {Gjray nilty rlay. q1tiff tnr mpriiiimn

19@01 Total Depth [

ARKS:__ ________Wate Lo. t.).. Wow__ Level___ Time__ Date________________________

_ft~__ 2__ hor 111 3.5_PM,_otseadly_40_Bfor

-Pmpn 12.52C~~~i

I _ _ _ __ _ _ _ _ _ _



WELL CONSTRUCTION3 rievations taken.
rroill top of casin~g Elev. 773.41Islip cap w 'T' handle

I 5' long steel
protective casing
with lockable cap

weep hole 

E e . '7 .

4' Schedule 40, threaded

flush joint PVC casing I

cem~ent grout z

P bantonite seal

* 06

*gravel pack&

15' lon~g Schcdule 40 I
.010 PVC screene

plu I f Elev. 725.q

* k-6'

m4w 4- 6

* C-204



WELL CONSIRUCTION

ri-.,in1 Lop Of casing Llv.771
slip cap w 'T' handle .- lv

I 5' long steel
protective casing
with lockable cap

weep hole

I Elev. '770.q

4" Schedule 40. threaded -I flush joint PVC casing

bentinite seal

gravel pack &

II
B 15' long Schedule 40 6

.010 PVC screen

I .ea

plug

Ee v. '727.7

mIw 4-6(

C-205 R .~w vz~



TEST BORING LOG

ProleI Lake City Army Ammunition Plant Boring No. TH" 1 Sheet 1 of 2

_ S, rface Elevation 761.5 Offset

Lake City Plant Date Started 9/26/83 Completed 9/26/83

tate Independence, Missouri Driller M. L. Blank Rig D-12

Abbreviations: A.O. - Auger Only R.B. - Rock Bit C.W. - Core Water

H.A. - Hollow Auger S.S. - Split Spoon C.A. - Core A,r
W.B. - Wash Bore S.T. - Shelby Tube F.B. - Finger Bi

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION

* 0 r
"... uj OxU. U UJ 0 COLORMATERIALMOISTURECA CONSISTENCYFhOMl TO ,,); I ' SAND _,,, DENSITY

__,, 1.0' HA B rown silty clay, moist, very stiff

S 0 Brown & dark brown gray silty clay, fill, iron
1,o' 2.5' 51 5-7-10 0.3' stains, moist, very stiff

Gray & brown silty clay w/iron stains, trace
j,5' 4.0' SS2 _ _ 6-6-6 1.5' of roots & small rock, fill, moist,stiff

Gray & brown very silty clay, w/iron stains,
4,05.5' S53 6-7-10 1.5' trace small rock, moist, very stiff

IGray very silty clay w/iron stains, moist,
- 5' 7.0' SS4 3-6-7 1.5' stiff

i 0' 8.5' SS5 4-6-10 1.5' Same

1'5' 10.0' SS6 3-6-8 1.5' Same
Gray w/brown silty clay, w/iron stains, moist,

U' 11.5' SS7 3-6-9 1.5' stiff (possible fill)

Gray very silty clay w/ iron stains, moist,

I 5' 13.0' SS8 3-5-5 1.5' stiff (increasing moisture content)

13,0' 14.5' SS9 2-4-6 1.5' Same

Gray fine sandy silty clay, w/trace iron stain

L 65' 16.0' SSl0 2-4-4 1.5' & small rock, moist, medium (possible fill?)
Gray very silty clay, trace fine sand & smalel

01_ 17.5' SSi 1 2-4-6 1.5' rock, moist, stiff, (possible fill?)

Gray w/trace brown very silty clay, trace iron
17I5' 19.0' SS12 2-5-6 1.5' stains, moist, stiff (possible fill?)

Gray w/trace brown very silty clay, becoasincf
L ong 7.' g-gil3 3-4-6 .s' sandier w/depth, moist, stiff

Gray w/trace brown silt, traces of fine sand

,l 50 22.0' SS14 2-4-5 1.5' & clay, moist, stiff

Gray w/trace brown clayey silt, trace iron
--2.' 23s, I_ l 3-3-5 1l.. stains, moist. medium.-

-ARKS: (Casing. Water Loss, Etc.) Water Level Time Date

___(Completion)

I1.,... Il .- . _ I " ... ... I-.C-206



TEST BORING LOG

Project Lake City Army Ammunition Plant Boring No. TH 1 Sheet 2 of 2

Surface Elevation Offset

_ __S_ _ _Date Started Completed

_ _ __state Driller Rig

Abbreviations: A.O. - Auger Only R.B. - Rock Bit C.W. - Core Water
H.A. - Hollow Auger S.S. - Split Spoon C.A. - Core Air
W.B. - Wash Bore S.T. - Shelby Tube F.m. - Finger Bt

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTIONo o
FROM TO x U. COLOR-MATERIAL-MOISTURECAY CONSISTENCY

I- Ou Uj 0 i SAND DENSITYj Ci 0 0 zmU

Gray w/trace brown silt, w/traces of clay,
23.5' 25.0 SS16 4-5-7 1.5' moist, stiff

I Gray silt, w/traces of clay in upper zone, ver:

25.0' 26.5' SS17 3-4-5 1.5' moist, (increasing moisture w/depth), stiff

26.51 28.01 SS18 2-3-6 1.5' Gray clayey silt, moist, stiff
Gray clayey silt, trace fine sand, wet pockets

28.0' 29.5' SS19_ 3-4-4 1.5 in soil, very moist, medium

* Gray claye, it, w/rocky zones (chert) lime-
29.5' 31.0' SS20 4-6-7 1.5' stone, "ery mcist, stiff

5r.y silt, trace of clay & fine sand, moist,
._32.5 SS21 2-4-5 1, stiff

l 352-Brown gray clayey silt, w/traces fine sand,
32.5' j 34.0' SS22 5-6-6 1.5' moist, sti£. (sampler wet)

* Brown gray clayey silt, trace fine sand, iron

34.0' 35.5' SS23 4-5-6 1.5' nodules p stains, moist, stiff

Gray clayey silt, w/iron stains & nodules,

35.5' 37.0' SS24 2-4-6 1.5' w/traces of rock, moist, stiff

Brown clayey silt w/traces of rock, moist,
37.0' 38.5' SS25 4-5-7 1.5' stiff

* Brown w/traces of gray clayey silt, moist,
38.5' 40.0' SS26 3-5-6 1.5' stiff

E 40.0' Total depth

ARKS: (Casing. Water Loss, Etc.) Water Level Time Date

W(Completion)

t21nel-& e_0shern CoJ7pa 7 1, /7C. C-207



*TEST BORING LOG

roct Lake City Army Amunition Plant Boring No. TH 2 & MW-4-6 Sheet 1 of 3

Surmne wlevation 770.9 Offset

A Lake City Plant Date Started 9/27/83 Completed 9/27/83

ity & State Independence, Missouri Driller M. L. Blank Rig D-12

Abbreviations: A.O. - Augur Only R.B. - Rock Bit C.W. - Core Water
H.A. - Hollow Auger S.S. - Split Spoon C.A. - Core Air
W.B. - Wash Bore S.T. - Shelby Tube F.S. - Finger sit

DEPTH PENETRATION RECORD >- SAMPLE DESCRIPTION
I o ,-

o c u > CONSSTENCYFROM TO ,Z WX U b 0: . U.; 0 COLOR-MATER[AL-MOISTURE-SCN DENSITY
0 . Uj UES

0.0' 1.0' HA Topsoil
Gray brown clayey silt, trace of roots,

1.0' 2.5' SSl 5-5-5 0.5' slightly moist, stiff
Gray brown clayey silt, trace of roots,

2 5' 4.0' SS2 6-4-3 0.5' slightly moist, medium
Gray & brown very silty clay, trace-of dark

4.0' 5.5' 2-& iron stains, moist, medium (fill)

Gray & brown very silty clay, trace of dark
7.0' SS4 6-4-6 1.5' & iron stains, moist, stiff (fill)

Gray w/brown very silty clay w/gray clay pocke
8.5 S5 2trace of roots, moist, stiff (fill)

Gray w/brown very silty clay w/gray clay pocke
8.5' 10.0' SS6 2-4-6 1.5' w/dark nodules, moist, stiff (fill)

I10.0' 11.5' SS7 3-4-7 1.5' Same

Brown w/gray very silty clay, trace of dark

I 11.5' 13.0' SS8 4-6-8 1.5' nodules, moist, stiff (fill?)

Brown & gray very silty clay,tr. of dark nodul

13.0' 14.5' SS9 1 2-5-6 1.5, & iron stains, moist, stiff
*Brown & gray very silty clay,tr.of dark nodule

14.5' 16.0' SsIo 2-4-6 1.5' & iron stains, sand & small rock, moist, stiff

I 6.0' 17.5' SS11 3-4-6 . 1 Same a

Gray very silty clay, traces of dark nodules,
17.5' 18.5' SS12 1-7-9 1.5' fine sand & small rock, moist, very stiff

Gray very silty clay, traces of dark nodules,
.5' 20.0' SS13 2-10-14 1.5' & iron stains, moist, very stiff a

2 0.0' 21.5' SS14 4-7-10 1.5' Same
Gray & brown very silty clay, dark & iron

21.5' 23.0' SS15 4-8-12 1.5' stains, moist, very stiff

MARKS: (Casing. Water Loss. Etc.) Water.Level Time Date

w/augers in 28.3' 2:15 pm 9 / 2 7 / 8 3 (Completion)

20.5' 10:00 am 9/28/33

yne - Western Companf,/nc. C-208



Io TEST BORING LOG

Project Lake City Ar=y Ammunition Plant Baring No. TH 2 & MW-4-6 Sheet.L of 3

Surface Elevation Offset

Date Started Completed

lW & State Driller Rig

Abbreviations: A.D. - Auger Only R.S. - Rock Bit C.W. - Core Water
H.A. - Hollow Auger S.S. - Split Spoon C.A. - Core Air
W.B. - Wash Bore S.T. - Shelby Tube F.S. - Finger Bit

i DEPTH PENETRATION RECORD > SAMPLE DESCRIPTIONcc

FROM TO V L U SAND DENSITY
L uJ 60 CO0MTRAMITUEU OSSEC

; a.a.~ __ _ __ _ _ __ _ _ __ _ __ _ _ __ _

Gray & brown very silty clay, dark & iron
23.0' 24.5' SS16 5-8-11 1.5' stains, moist, very stiff

I 24E.5 2A.0' ql7 -7. Same (sample gets grayer w/depth)
Brown & gray very silty clay, traces of iron

* 6.0' 27.5' SS18 3-6-10 1.5' & dark stains, moist, stiff
Brown & gray very silty clay w/dark stains,

27.5' 29.0' SS19 4-8-12 1.5' traces of iron stains, moist, stiff

Brown .& gray very silty clay, traces of small
29.0' 30.5' SS20 5-8-12 1.5' rock & iron nodules, moist, very stiff

Brown & blue gray very clayey silt w/dark sta:

L _30.51 32.0' SS21 4-8-12 1.5' moist, very stiffOW
32.0' 33.0' HA Same

I Brown & gray clayey silt w/dark & icon stains,

33.0' 34.5' SS22 4-7-11 1.5' moist, very stiffBrown & gray clayey silt w/dark & iron stains
.5 36.0 SS23 4-6-9 1.5 w/traces of small rock, moist, very stiff

36.0' 37.5' SS24 2-5-8 1.5' Same
I Brown & gray clayey silt w/dark & iron stains,

37.5' 39.0' SS25 5-6-10 1.5' w/traces small rock & fine sand, moist, v. st:

39.0 40.5' SS26 5-6-10 1.5' Same
Same (Note: rock is concentrated in zones in

40.5' 42.0' SS27 6-8-11 1.5' sample & is mostly chert)
* Brown & gray san y clayey silt, w/dark &

42.0' 43.5' SS28 3-7-9 1.5' iron stains, traces of small rock, moist, ver,

stiff (water on sampler)

I Brown & gray sandy clayey silt w/dark &

43.5' 45.0' SS29 1 4-7-8 1.5 iron stains, w/lots of rock & sandy zones, mo
very stin o

MARKS: (Casing Water Los, Etc.) Watea Level Time Date

_(Completion)

Dyne - Western Company/nc. C-0o



TEST BORING LOG

ject Lake City Army Ammunition Plant Boring No. TH 2 M MW-4-6 Sheetj_-.f 3.

Surface Elevation Offset

Date Started Completed

tat Driller_ _ _ _ Rig

Abbreviations: A.O. - Auger Only R.B. - Rock Sit C.W. - Core Water
H.A. - HOllow Auger S.S. - Spelt SPoon C.A. - Core Air
W.S. - Wash sore S.T. - Shelby Tube F.S. - Finger Sit

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTIONo o wJ

FROM TO W U. U fl COLOft-MATERIAL-MOSTURE-CYCNSSECROM 03 SAND DENSITY
wJ ow

eL a.. . Brown & gray sandy clayey silt w/dark & '

4Brow gr s n I ayy slairon stains, w/lots of rock & sandy zones, mo;
very stiff

Brown & gray sandy clayey silt w/dark &
iron stains, w/lots of rock & sandy zones, ve:

46- S4.0 ss.3 _ 2-3-5 wWt bOLUJAe, medium

I 48.0 49.5 SS32 3-4-5 1.5' Brown'sandy rocky clay, very moist, medium

49.5' Total iepth

PMARKS: (Casing, Water Loss, Etc.) Warner Level Time Date

____ ___ ___ ___ ___ ____ ___ ___ ___ ___ ____ ___ __ ___ ___ ___ ___ ___ ___ ___ (Completion

Nffne-UAestern Compan./.hC C-210



I (.A)LNSTICICU: ION ()' I,* .
elevations taken.

fr*M top of casing LV75.
threaded'cap and ________

4' long steel
prtective casing 25
w'ith lockable cap

4" ~ E..LE. 751.7

3 Cement grout

bentonite seal

3 )hand-slotted

gravel pack

5 1 0fl Schedule 40I I .OAM PVC screen

cap-O

I __________EL-V. -716.1

MW 5-1
I C-211



TEST BORING LOG

Lake City AAP Boring No. M 5-1 Sh 1 1

SSurm Eleat on 751.7 0 m a

A _,_ _ _ __DatSunhd 8/10/81 -Cgmmpla 8/10/81

&-Bt*t Independence, Missouri Drili T. Butler Rig

LsneA tions: A.D. - Aupt Only R.. - Rock it C.W. - Ct We t
M.A. - Hollow Aurr .. - Swet Soon C.A. - CaM Air
W.B. - Wsh SOn S.T. - Vhbv Tut. F.A. - F"nW DSn

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION
S0 w

E

PFROM To oA o COLOR-MATERIAL-MOISTUE-CYCNSSEC
. . -- . . SAND DENSITY

Io.0' 1.0' VB Topsoil

I1 o 5.5, WB Light brown silty clay, med.

5.5' 9.5' WB Gray silty clay, med.

I9.5, 11.0' STl 2.0 Gray silty clay u/trace sand, stiff

11l.O 15.0' WB Gray silty clay w/trace sand, med.

15.0' 19.5' WE Light brown silty clay v/trace sand

.5' 21.0' ST2 2.5 Light brown & gray silty clay, very sti

2 .o, 23.5' WB Light gray sandy clay, med.

23.5' 29.5' WB Light gray sandy clay, soft to med.

L9.5' 34.0' WB Light gray sandy clay, med. to stiff

r4.01 40.0' WE Light gray sandy clay, soft to med.

7
40.0' Total depth

tat c

ARKS: (Casing WSWr Los. Etc.) Water Lre Time Date
W rped 1 hour - 2 GPM 12.8 9/l/81(Cmpt)

r -JesteM Companylnc. C



Uelevations taken. C NII CIIO

from top of casing ELEV. '7554s
threaded cap and

male adapter

4' long steel
protective casing P
with lockable cap

4" diameter, Class1 160, PVC pipe

*cement grout I

Ibentonite seal( II

hand-slotted
PVC pipe

U gravel pack

5' long Schedule 40

.020 PVC screen

II

MW S-Z

U C-213



3 TEST BORING LOG

Lake City AAP " it No. SW 5-2 of 1_1

Surface Elevation 753.6 t_ _

_ __ DatSuid 7/28/81 compleed 7/28/81

.t& State Indepondencs, Missouri DrIIW T. Butler Rig
Abbrlvsatlos: A.0. - Auqmv Only o. a - Rock Sit C.W. - Car. Wows

.A. - 'Hoow A0pr S.S. - Split Soo CA. - Core Air
W.B. VWah sore S.T. - Sheib Tutil F.S. - Finip Wbt

DEPH PENETRATION RECORD >. SAMPLE DESCRIPTION

FROM TO ; w " V" ! .Lu uJ ' > COLOR-MATERIAL-MOISTURE- DNIyOSSEC
FROM T W ASN ET

0 l. 3' CC Topsoil

F1. 5.0' WB Brown & gray silty clay, stiff

5.0 6.4' WB Dark brown silty clay, soft

16.4' 10.0' WB Brown silty clay, stiff

[0.0 20.0_ __B Gray brown silty clay, sti.ff

.0' 24.5' B Gray brown silty clay, soft

5' 27.5' WB Gray brown silty clay, stiff

27.51 29.5' WE Tan & green weathered shale, med.

29.5' 31.0' WB Same

31.0' 34.0' WB Same

3 35.0' WB Weathered shale & gray shale, hard

35 0' 40.0' WB Gray shale, hard

40.0' Total dopth

F KS: (Cain Water Lou. Etc.) Water Level Time Date

Pumped 1-1/2 hour - 1/2 GPM 13.6 9/ ll/8?,m.~,)

',,nqnc.C-214



(AJi'NIIt .t:I I()N o)r Wl.,.,
elevations taken.

frojm top of casing 
Lv7,6 S

threaded oap and

male adapter

protective casing

with lockable cap

w"eep hole 

ELE 7s4.5-

4" diameter, Class

1 160, PVC pipe

cement grout

I bentonite seal

I.

hand-slotted 4 1
PVC pipe I

O I ELEV 7Zq.S-

gravel pack

4I

5' long Schedule 40
.020 PVC screen

~~cap-4

ELE.V. -71.

MW 5-3

C-215 Rr # og*O . Z/O



3 TEST BORING LOG

Pr•c LLke City AAP Borng No W 53 Shet.1 of 13 Surfa ie Eleva tion _ • O_ 4 _ /11/81

_ _ _ _ _ _Date Started 8/10/81 _ 8/11/81

tote Independence, Missouri Driller B. Bl _k  Rig

Abbvtisov: A.0. - Aup? OnIy R.S. - Rack Bit CmW. - Cwse Wowtg- H.A. - HWOll w Uf .5. - sdplt scow C.A. - Car, lf
W.U. - Wah SOr1 S.T. - Sh bv Tute F.3. - ingtr Bit.

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION
U0 o wJ

*i 0CLAY CONSISTENCY
FROM TO "T Lu ee Uj 0 COLOR-MATERIAL-MOISTURE- CNSSEY

FROM TO 9W. W SAND DENSITY
I- ~ go0 OOMAEALOITECYw w .0 nEr')

ow 10 4

50.0 1.0' WB Topsoil

i.0' 5.0' WB Gray brown silty clay, stiff

5.0 10.0' WB Same

10.0' 15.0' WE Same

15.0' 16.5' ST1 1.75 Same

'1.5' 20.0' WB Same

25.0' WB Same

1 25.0' 30.0' WB Same

30.0' 35.0' WE Same

3. Gray brown silty clay w/trace sand,
35.0' 35.5' WE - stiff

35.5' 40.0' WB Yellow brown sandy clay w/trace gravel,
"_ _med.

40.0' Total depth

lWI-

MARKS: (Cmin Water Log. Etc) aw Time Date

.aped 2 hours - 1/2 GPM 13.9 1 9 /1/ Setion)

F- -

ne -leate mCI16



elevations taken.
fr'om top of casing

threaded cap and EE
&Ale adapter

Protective casing
with lockable cap

4diameter, Class

Icement grout /

I . bentonite sea!.~-

gravl pak 8?ELEV. "7ZZ.I

5long Schedule 40
.020 Pvc screer 0

cap I

ELV 7-.

1w MW T-4

CI1



g TEST BORING LOG

proct Lake City AAP eorvigNo. She tie of

3 Surface Eevation 753.4 O tt _

Ad._ DateStarted 7/28/81 _Corp,.O 7/28/81

OWl14N. Independence, Missouri Driller J. Von Holt Ri.g

Abbmlvatons: A.O. - Auger Only R.B. - Rock lit C.W. - Core WowM.A. - Hollow Auge S.S. - Spit, CA. - Core Air
W.B. - Vftlh BO S.T. - Vw Tube F.B. - Fnver 4st

DEPTH TPENETRATION RECORD > SAMPLE DESCRIPTION

FROM TO x w- a COLOR-MATERIAL-MOISTURE-LAIY CONSISTENCY0- uWw O SAND DENSITY

io.01 1. WB Topsoil

1.0, 6.0' WB Brown silty clay, stiff

M6.0, 23.0" WB Brown & gray sity clay, stiff

23.0, 31.0' WB Gray w/trace brown silty clay,-stiff

-31.0, 38.0I wB Yellow brown & gray sbaley clay w/trace

38L' I Isand & gravel, stiff

38.0' 40.5' WB Yellow brown shaley clay, stiff

42.0' SSl 1.5 Same

Total depth

i-4

R9 IC11%Wtr O.Ec)5t IIc

(Casing. War Lo. Etc.) Water Lel Time Date

7.4 9 11 8 8o.Dlton)

w W twCompani,Ilnc. .



!~~~~ II I I IIi•

elevations taken.
from top of casing

threaded cap and - E-. -7 "7.0o "

Male adapter

4' long steel
protective casing
with lockable cap Z.4

weep hole _E_.LEV 

774.1

4" diameter, Class
160, pvc pipe

cement grout

bentonite seal

hand- slotted 7 '
PVC pipe

LV. '759-7

gravel pack

S' long Schedule 40
.020 PVC screen

cap- 84-e0 ELLV. -74q.-7

MW .- i

C-219



II

clevations taken.
from top of casing 

ELEV "77.05-
threaded cap and _ _ _

male adapter

I 4' long steel
protective casing a.4'
with lockable cap

weep hole 

ELE-V 7741

4" diameter, Class
160, PVC pipelI1
cement grout /0

I r /
bentonite 

seal '

hand-slottedPVC pipe LV .

* gravel pack

I
5' long Schedule 40 4

.020 PVC screen 6

I ,

3ELEV.-7q7

C-22o ReIvEoo*~ Z/#rU



TEST BORING LOG

at Lake City AAP Boring No. IEW 6-1 ShWa 1. of

Surface Elevaton_774.7 Offmt_______

DW ate Started -8/5/81 Com~pleted 8/5/81

& State Independence, Missouri Driller D. VJogt Rig _______

Abbm~vAMtoru: A.0. - Augw Onily A.@. - mockI got .W. - care WeOW
M.A. - Hollo0w Aupi' S.S. - Soil, SoGoo C.A. - Core Air
W.s. - Was SON, &T. - Shelby Tube F.11. - Fm,.' Bit

dk DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

FRO TO = >i COLOR-MATERIAL-M0ISTURE- CLYCONSISTENCY
FRO TOOujb U SAND DENSITY

).1 15 B Topsoil

L.5f 7.0' W!Dark brown silty Clay, stiff

7.0f 10.0' WB IGray brown silty clay, stiff

[0.0' 11.5' WB [ ____ Same

[1.5' 20.0' WB r Same

10 1 22.3' lB Weathered limestone lenses &gray shale

21F 32.0' WB Gray shale, med.

32.0' 40.0' TB Maroon shale, hard

10.0' Total depth

4d S: (Cauing, Wow Loss. Er-) Water Lev Time Date

Pu~d 1-1/2 hour - 1 GPMI 7.5 B/10/1Cofqmaion

IMI COeeRes6ern CCma22/1c



(.(NSICLJ(: I ION OFj WVi.LL
elevations taken.

fro. top of casing ELEV
threaded cap and

male adapter

4' long steel
protective casing
Yith lockable cap

4" diameter, Ciass
160, PVC pipe

cement grout

bentonite seal

hand-slotted C

4' E.LEV. 17Z

5' long Schedule 40%
-020 PVC screen 6

lip ELEV. 763Aq

MW (D-a
C-222



4

e levations taken. O TCti:F NOFW L

from top of casing EE.1~ 4
threaded cap and ________

* male adapter

4' long steel
protective casing 21
with lockable cap

3w e e p h o l e 
- E .

4" diameter, Class
160, pvc pipe

cement grout I0,

I benton its seal

LI.3 hand- slotted

PVC pipe EL EV . 7  7  Z A

Igravel pack 8

5' long Schedule 40I.020 PVc screen 6

I8i E:LLV. 75.4

I. MW (O-Z
C-223 Rcym~e.. r 



Lake City AAP Boring No. MW 6-2 shm 1O

S S783.9
_________________________________ Surfac Eloiatin_ ______ Offtut_ ______

.__ _ Date Sts 8/6/81 Compaw 8/6/81

Su Independence, Missouri Driller D. lbgt Rig

Abbrgyugtions: A.O. - Aupw Only A.B. - Rock Bit C.W. - Core Weep
M.A. - Hollow Augr S.& - Scoet 5000. C.A. - Core Ar
W.B.' - WaSh BOre ST. - Shilby Tube F... - FnW &,

DEPTH PENETRATION RECORO >. SAMPLE DESCRIPTION
I.U

RO TO xU OLOR-MATERIAL-MOISTUAE-CLAY CONSISTENCY
ROT O.SAND DENSITY

0.0' 1.0' W ,Topsoil

1.0' 6.0' W, Dark brown silty clay, soft

6.0' 11.0' WB Brown silty clay, stiff

11.0' 17.0' WB Olive brown weathered shale, soft to

17.0' 27.0' 1B1 Gray shale, wed.

27.0' 28.0' WB Weathered limestone lenses & gray sha

28.0' 40.0' WB Gray shale, hard

0.0' Total depth

I--

i-- -- -

ICS: ~ICfWN MSL Static-- -!)Waller tI"w Time Dow

PIpo 1-1/2 hour' -/ GM4,

C-2- -
~ie46 ete~ C pig In



U C~ONSICCIWN OF)WE'ILL
elevations taken. -

f rm top of casing ELEV 7Anq
threaded cap an~d_______

41 long steel
protective casing 3
with lockable cap

E.LE-V -7-7.1

4' diameter, ClassSi
160, PVC pipe

cement grout

bentonite seal

gravelpackLEV. -7&q. t

I s, long Schedule 40 '
.020 Pvc screen 6

MW (0-3
C-225



TEST BORING LOG

t Lake City hAP forn No. MV 6-3 Sh 1 1

I____Surface Elvation 787.1 Offwt ___ ___ __

SDateStated 8/6/81 Comd 8/6/81

C e Independence, Missouri Driller T. Butler Rig

Abbrometions: A.O. - Auger Only R.3. Rock Bit C.W. - Cor Wame
H.A. - l4Olww Aupf S.5. -& Siit SWO C.A. - Core Act
W.S. - Wah Bore ST. - Shae Tube F.S. - Pnpgr Bt

DEPTH4 PENETRATION RECORD > SAMPLE DESCRIPTION -

0 6 W
FRM TO x W $-w OLRMTRA-OSUECA CONSISTENCYXW ccSAND ENSITY

o.0' 0.5' w - _ Topsoil

I0.5 4.0' WB Dark brown silty clay, med. to stiff

4.0' 9. 0 _Wi Light brown silty clay, med. to stiff

I90 10.5' 1 STl1 3.5 I Light brown silty clay, very stiffI

1mOe L....3...T Tan silty clay w[trace weathere snare

110.5' 13.5' WE Istiff

..5' 19.0' WB Light tan shaly clay, stiff

W .' 20.0' ST2 4.5 Light tan & gray shaly clay, very stif:

22.5' WB Light gray shale, med. to hard

22.5' 27.5' WE Sam

027.5' 28.0' WB Dark gray sandy shale, med. to hard

28.01 30.0' WB Light gray shale, med. to hard

30.0' 31.0' WE Same

31.0' 33.5' WB Dark gray sandy shale, med. to hard

40.0' WE Light gray shale, med. to hard

40.0' Total deptb

AMIS (Cuin1  W W ow | .) Tkm Dow

1 'hour - 1-1/2 GP1 9/10/81i

C-2-

IA mm •imma



(ARNSIII [ii: ION OFI 11 1.L
elevationx taken.

from top of casi ng ELEV. 73
theaded cap and ________

male adapter

41 on steelI
prtciecasing 2.4
wihlockable cap

U weep hole

m~~F L____ E-.V -7 . (

4diameter, Class(5 160, PVC pipe)(

cement grout i

bentonite seal

gravel pack

5long Schedule 401PI

.020 PVW screen

cap O

ELEV. 7157.&

MW 6-4

C-227



Lake City ALAP Bark NO MW 6-4 ShM 1f

Surace Evatin 780. 6 0n_

OmDeStamrd 8/13/81 Comopt 8/13/81

A Sw Independence, Missouri, DiJl" T. Butler ill

AbbveMaeons: A.O. - Auv Oniv R.N. - Rock si C.W - Core vwem
4..A. - low Au6W S.S. - Saist 6001 C.A. - Core Aw

W.S. - Wa&o re ST. - Slwbv Tube I.'. - fuipr &kt

DEPTH TOPENETRATION RECORO > SAMPLE DESCRIPTION

0 > CLA CONSISTENCY

FROM TOW O L 0 COLOR-MATERIAL-MOISTURE-

0.01' 0.9' WB 1 I Topsoil
I

0.9' 3.5' WB I Brown silty clay, med.

3.5' 7.0' WB 'Dark gray silty clay, med.

7.0' 9.5' WB Light brown silty clay, med. to stiff

9.5' 11.0' STl 4.5 _ _Light brown silty clay, very stiff

11.0' 12.5' WBSa

1; 15.5' WE Light tan shaly clay, stiff

L5.5' 16.0' WE Weathered shale, hard

L6.0' 21.51 rB Light tan shaly clay, med. lostiff

U.5' 23.0' WB Light gray shale, med. to hard

.3.0' 25.0' WB Dark gray shale, med. to hard

-5.0' 40.0' WB Light gray shale, med. to stiff

0.0' Total depth

ARKt (Cuin, Wow Low LU ) Weer Level Time Dat

1 1-1/2 hour - 1-12 GP 3.7 9/10I8oonon)

_.C228



VWLLL CONSIRUCTION
eevations tkn

fIom top of casing 
7 0ISlip cap W 'T' handle 1

5' long steel
p-rotective casing

with lockable cap

5 weep hole

Elev. '778.3

4 " Schedule 40, threaded
flush joint PVC casing

3cement grout 8

I bentonite seal

I gravel pack&

49

15' long Schcdule 40
-010 PVC screen 80

- ~ Elev. 71-z,3

-6"

m'W bI-5

C-229



rroP top of casingIslip CAP w *T' handle 78-E*ev.

I 5' long steel
protective casinq 5
with lockable cap

weep hole

4" Schedule 40, threaded
flush joint PVC casing

cement grout

3 bentonite seal

I gravel pack&

15' ,lo9 Schedule 40 31 .010 PVC screen 6 0

plug

Llev. '733-3

I -1
C-230 (EW*MATZ,



TEST BORING LOG

rojet Lake City Army Ammunition Plant Boring No. MI 6-5 Sheet 1 of 1

Surface Elevation 778.3 Offat

_ ____Date Started 1/5/83 Completed 1/5/83

1ity & State Independence, Missouri Driller R. Kelly Rig CME-55

Abbreviations: A.O. - Auger Only R.U. - Rock Bit C.W. - Core Water
H.A. - Hollow Auer S.S. - SOi S1oon CA. - Core Air
W.B. - Wsh Bore S.T. - ShMby Tube F.B. - Fingr Sit

DEPTH PENETRATION RECORD >- SAMPLE DESCRIPTIONoc
0 c U. 0 CLAY CONSISTENCY

xROM TO ) I- W o COLOR-MATERIAL-MOISTURE-SC O ONSTCFROM TO if 0U , or SAND DENSITYUZ " o3 0-W.

0.0' 0.6' HA Topsoil

I 0.6' 5.5' HA Dark brown silty clay, moist, very stiff

5.5' 8.7' HA Brown silty clay, moist, very stiff

19.2' HA Yellow brown shaly clay, moist, very stiff

9.2' 13.0' HA Yellow brown clayey shale, moist, very stiff

0' 18.0' HA Olive brown shale, dry, med. to hard

1 0 - 23.0' HA Yellow weathered shaly sandstone, dry,med. to hard

23.01 25.5' HA Yellow brown weathered shale, dry, med. to hard

25.5' 31.0' HA Gray shale, dry, med. to hard

40.0' HA Gray clayey shale, moist, soft to med.

40.0' 46.0' HA Gray clayey shale, very moist, soft

46.0' Total depth

J

I ARKS: (Caing, Water Loss, Etc.) Water Level Time Date

28.2 4:00pm 1/5/83 (Completionl

18.2 3: 30pm 1/6/83

o ,Ine-0esten wCompany/nc. C-231



WELL CONSTRUCTION
rlevitions taken.

from top Of casing 7 8 0 13I slip cap w 'T' handle -Elev. 7O0.8Q

5' long steel

protective casing 2
with lockable cap

I weep hole

Elev. 7 78.4

4" Schedule 40, threaded
flush joint PVC casing

cement grout

I bentonite seal

1 40'

I
gravel pack

1I9
15' long Schcdule 40

.010 PVC screen4

I
plugI 

E ev. 738.4

C-232

A=- -i l lllll l illIlllll



'v~ievLjcns takrIn. 708
from top of casing Ee.705I slip cap w 'T' handle _______ ~ - lv

I 5' long stcel
r'rnLective casiflq 2.5'
with lockable cap

w e e p h o l eE 
l v 7 * .

4" Schedule 40, threaded

I fl ush joint PVC 
casing

cement grout

bentonite seal

21

a 37.q

I gravel pack

15' lon~g Schedule 40303.010 PVC screen -- , , ,

t j4-6"-.

MIW (0(

I . C-233 Remwooomewl Vis-



I TEST BORING LOG

Project Lake City Army Ammunition Plant Booing No. MW 6-6 Sheet 1 of 1

I ___ _____ _____ ____ _____ _____ ____ Surface Elevation 778.4 Olfiet _ _ _ _ _ _

AAR Date Stwted 1/7/83 Completed 1/7/83

Lity & State Independence, Missouri Driller R. Kelly Rig CME-55

Abbreviations: A.O. - Auger Only R.B. - Rock Bit C.W. - Core Water
H.A. - Hollow Auger S.S. - SO it Spoon C.A. - Core Air
W.B. - Wash lore .T. - Shelby Tube F.B. - Finger Bit.

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION
*0 ccU6 LY OSSEC0ROM  TO I-O uj COLORMATE RI AL MOISTUREC-Y CONSISTENCY

FRM O wLE 0 SAND DENSITY
U) U Z . U M

0.0' 0.6' HA Topsoil

i0.61 6.3' HA Dark brown silty clay, moist, stiff

6.3' 13.5' HA Light brown silty.clay, moist, very stiff

13.51 22.5' HA Brown gray shaly sandstone, slightly moist,
_ _emed. to hard

22.5' 29.0' HA Gray shale, slightly moist, med. to hard

9.0' 30.0' HA Gray shale, moist, med. to soft

IN 0 35.0' HA Gray shale, very moist, soft to very soft

35.0'1 36.5' ST1 0.0' Same

36.5' 40.0' HA Gray shale, moist, soft

40.0' 41.5' ST1 1.75 1.3' Gray shale, moist, soft to med.

41.1 Total depth

r AARKS: (Ca n Water Los. Etc.) Water Level Time Date

20.0 4:OOpin 1/7/83 (Completion)

&ne-UAestern CompanyInc. C-234



eleva~tions taken. NL Lu)

from top of casing3slip cap w 'T handle ~~v Q*c

5' long steel
prntective casinq2.7

with lockable cap

weep hole

I ___ ____ ____Elev. '7q8.s

4 Schedule 40, threaded
flush joint PVC casing

3 cement grout

I bentonite seal

3 25'

I2-5
gravel pack&

* 15' long9 Schcdule 40
* 010.PVC screen #

plug *U -- - 1Llev.17.

MW (P-7

C-235



lovations taken.
rrri'n top of casingI slip cap w 'T' handle _________

I 5' long steel
protective casing .7
with~ lockable cap

weep hule 

E e .7 ' .

4" Schedule 40, threadedI
flush joint PVC casing K

I cement grout (

bentornjte seal

I. 2'

IZ 23.7'1

I gravel pack

15' long Schedule 40 lbP
.010.PVC screen

plug

I Elev. 774.8

I. MW P- 7
C-236 RrW~a.~ e



I TEST BORING LOG

Projec Lake City Army Ammuition Plant Boring No. KW 6-7 shet 1 of1

I ___________________________ Surface Elevtion__798.5 Offset ______

__ _ _ __ _ _ _ __ _ _ __ _ _ _ __ _ _ _ Date Started 1/6/83 Completed 1/6/83

ity & State Independence, Missouri Driller R. KellY Rig CME-55

Abbrvuations: A.D. - Auger Only R.- Rock Sit C.W. - Core Wowe
H.A. - Hollow Auger S.S.- S01it S00013 C.A. - Core Air
W.l. - Wah Bore S.T. -Shelby Tube F.S. - Finger Bit

& DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

*0 Ix>CA OSSECFROM TO X Wu0: c jI. .0 L COLOR MATERIAL-MOISTURE CAY CONSISTEY
L w W 0 Ci SADDEST

* 0.0' 0.6' HA Topsoil

L ~ ~ 5.0' HA ________Dark brown silty clay, mist, very stiff

5.0' 6.5' STi 2.5 1.5' Save

6.5' 11.5' HA Brown silty clay, moist, stiff

Iii i.. 15.0' HA Same
5.01 16.5' ST2 1.75 1.5' Yellow brown silty clay, moist, stiff

16.5' 25.0' HA Sarre

I 25.0,- Total depth

r4ARKS: (C~no Water Loss. Etc.) Water Level Time Date
5.0 12:O0pm 1/6/83 (Compltion)

3.0 3:30pm 1/6/83

oqyne - Wfeser Compy/c



II ~ ~~elevations taken. N Ilt: ONu W;L

I threaded cap and AL___ _

4' long steelI
protective casing21

with lockable cap2.

Iweep hol .eC 
L M 7 .5

4diameter, Class

cement grout 20

I bentonite seal

1.b
I hand-slotted

gravel pack 8

S' long Schedule 40
.020 PVC screen

ELE.V. 70o7. 5.

* C-238



TEST BORING LOG

Let Lake City AAP BoringN. KW 7-1 shma ;f I

] ~~SurtaceElevation 747.5 Onst_______

_______________________ Date Started 8/4/81 _CwrppICg 8/4/81

IyStt Independence, Missouri Drilr T. Butler Rg_______

Abbrmvuo1le: A.0. - Auger Only R.S. - Rock Sit C.W. - Core Wowr
N.A. - Mollow Auger 5.5. - Spl1t Spoon C.A. - Core Air
W.B. - Wash Sore S.T. - Sh@Ibv Tube F.B. - Feinger Sit

DEPTH PENETRATION RECORD >- SAMPLE DESCRIPTION
0 U)

FROM TO x 09 U. LU 0 CLRSAND DENSITY
- ~ ~ U 0 COOUAERA,~S~R~~ CONSISTENCY0

2 .. ZoO

J.' 2.5' WB Topsoil

2.5' 4.0' WB Dark brown silty clay, med. to stiff

4.0' 9.0' WB Dark gray & brown silty clay, med. to
_____stiff

9.01 10.5' ST11 2.5 Dark gray silty clay w/trace sand,
___med. to stiff

10.5' 15.0' WB Dark gray silty clay w/trace sand, sofl

____ _ __ _ _ __ _ ___ to med.

.0' 17.5' WB $Dark gray silty clay, soft to med.

51*~ 19.0' WB Dar e__ greay silty'clay w/trace sand, sofi

*19.0' j20.5' WB Dark gray silty clay, med. to miff

24.0' 24.0' WB Gray silty clay, med. to stiff

24.0' 29.0' IWB Sm

-29.0' 31.5' ST2 1 4.5 Same

231.5' 34.5' JWB 1Gray silty clay, soft to med.

34.5' 40.0' WB tGray fine sand

_ 40.0' Total deptb

~ tRS: Casig, ate Los. Ec.)Static%RS:ICi Wte Ls, tc)Wotw L"9el Time Date

P~~ped 1-1/2 hour - 2 GPM 26.6 ______ommitin

(qne -Western CompallyC-239



elevations taken. WNMUIII

f rMi top of casingE 
v"4q

threaded cap and _______ 4 6

proectvecasing 24I ~with lockable cap 24

_ _ _ _ _ _ _ _ _E -E L E YV '7 4 7 . 1

4diameter, Class(3 ~ " 160, PVC pipe)

cement grout

bentonite seal

Ile
I hand- slot ted

gravel pack &

5' long Schedule 40I .020 PVC screen8

I ELEY. '70q. I

3 ~MW 72

C-240



-La e CTEST BORING LOG

Lake City AJLP B No. MW 7-2 S hi 1

Surfaic EEvation 747-._ Onut

A"# , _ De Startd 7/31/81 Cmpleted 7/31/81

JV & Sate Independence, Missouri D J. Von Holt Ri
Abbo'wat mt: A.D. - Auge Only A.S. - Rock it C.W. - Core Wamr

N.A. - Hlw Anpri S.S. - Split Seem' C.A. - Core Ait
W.S. - Wash Sore ST. - Shalby Tube F.S. - Fmng sit

DEPTH PENETRATION RECORD1 >. SAMPLE DESCRIPTION
FRO x W- . U0 0 OO-AERA-O~m CLAY CONSISTENCY

T O 1. OLR-TEIL:OSU
WROM SAND DENSITY

Uj UZOuAw o 0w

0.0' 1.0' B Topsoil

1.1. 7.0' WB jBrown silty clay, stiff

7.0' 12.0' WB Dark gray silty clay, stiff

18.0' WB Light gray & light brown silty clay

18.01 27.0' WB Brown fine sand

'7.0' 35.0' WB i Brown & gray fine sand
O0' 45.0 BI Gray fine sand

450'
Total depth i

II I

S I I L i

9.RKS: .L . -. Wbatweel Tme Dt

It'" %RKS: lCasing. Water Lou. Etc.) Wterl.e Tim Date

" 20.9 9 /11/ 8 1 (Completionl

ne - e ste rn CompangCnc.-21



t.A)NS'I( :I tI(N OlF W ILL
elevations taken.

from top of casJ ng '7 N..

threaded cap and 
E L__ 

_ __ __ _

mnwas adapter

4' long steel

protective casing . I..,
with lockable cap

ELLV 7431q

4" diameter, Class
160, PVC pipe

cement grout

bentonite seal(

hand-slotted
PVC pipe%%,,.

gravel pack

5' long Schedule 40
.020 PVC screen%

ELL-V. 7044

MW 7-3
C-242



I TEST BORING LOG

roetLake City AAP Bork* No. MW 7-3 Shoot lof 1

I ~Surfae Elevation_743.9 Onset______

___________________ Date Started 8/21/81 _C~aa 8/21/81

0vItt Independence, Missouri Driller B. Blank Rig ______

Abtxg Iie : A.0. - Auger OnIly R.B. - Rock Bit C.W. - Core Water
m.A. - Hollow Auger S.S. - SPlit SPoo C.A. - Core Air
W.S. - Wott Sore S.T. - Shelby Tube F.B. - Finger Bit

DEPTH PENETRATIONRECORD cc SAMPLE DESCRIPTION

o m >' COO-AEILMITR-CLAONSISTENCYFROM TO x Uj0SN EST

0.1 1.0' WB Topsoil

5.00 l Dark gray silty clay, Stiff

5.0' 9.0' WB Same

LY 10.5' STi 1.751 Same

110.5' 12.0' WB Same

12.0' 15.0' WB Gray & brown silty clay, stiff

i1 j.01 19.0' WB Same

119.0' 20.5' *ST2i1 .25 Same

20.5' j23.0-' lB f Same

123.0' 25.0' lB I Gray silty clay, stiff

125.0' 30.0' WEI ISame

30.0' 34.0' WB5am

134.0Or 38.0' WE Gray very fine sand, dense

38.0 40.1 WBGray silty clay w/trace sand,
____ _____ ___& coal, stiff

4 . 1 Total depthj _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

JMA11KS: lCauingWater Lou,. Est.) Water Leve Tinte Dote

l~d2 hours, 1/2 GPM 5.6 /18(owin

l~ed __-4-



elevations taken.*LNI14 lO lWL
from top of casing ELE-v. 744.04

threaded cap and
male adapter

4' long steelfl protective casing
with lockable cap21

I weep hole

S__ E-LL-V -741.8

4" diameter, Class
- 160, Pvc pipe

cement grout

bentonite seal

gravel pack8?E 
V.71.

I 5' long Schedule 40
.020 PVC screen

(ELL-V. -711.8

MW -7-4-



TEST BORING LOG

Lake City AAP SorinNo. M 7-4 Sn 1 of 1

__Surface Elevation 741.8 -Offtm

Da Saed 8/3/81 Compied 8/3/81

0 6sine Independence, Misouri Driller T. Butler Rig

Abbreviatons: A.O. - Aupw Only R.8. - Rock Mat C.W. - Cott Water
N.A. - 1401low Au g S'S. - Split SPoon CA. - Core Air
W.U. - Wmah Sore S.T. - ShelWby Tube F.S. - Fngm sit

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION

F R> COLOR-MATERIAL-MOISTURE- CONSISTENCYFROM TO o L" -W 0 SAN DENSITYw oww -. 1 o0 oL"
., Zo UmZ

-0.0' 1.5' WB

1.5 9.0' WB Dark gray silty clay, med. to stiff

9.0' 10.5' SS1 Same

11051 13.0' WB Same

11.0 20.0' WB Light gray silty clay, soft to med.

2n.O' 22.0' WB Same
o Light gray silty clay w/trace sand, sof

25.0' WB to med.
25.0' 42.0' WB Light gray fine sand

,- I
42.01 Total depth!;

a static
MARKS: (CMing Water Loss. Etc.) Water .avel Time Date

1-1/2 hour - 6 GPM 20.7 9 / 1 1 /8 ompletioni

gy9ne -Wesr Company,IncCY -A~ sen .c.



i elevations taken. III II I. I 1F IJI.

from top of caing ELcV. 74q. ,
threaded cap and E -

male adapter

I4 long steel

protective casing
with lockable cap

w 
E .L E V . 7 4 7 . 5 -

4" diameter, Class
160, PVC pipe ,

cement grout

I bentonite seal

I.b
hand-slotted 4

PVC pipe

IELEV. -7Z 7. s

gravel pack

i "

cap-

ELLV. 707.

1O ~MW -6
C-246

11 _



TEST BORING LOG

Lake City AAP BoringNO. M 7-5 Sht 1 of I

_ _ _ _ _ _ _ _Surface glvtion 747,5 Offset ____ ___ ___

------ _DaieStand 9/2/81 _Complete 9/3/81

I &State Independence, Missouri Drille T. Butler Rig
SAbrAv'ataons: A.O. - Aug" Ontv R.S. - Rock Sit C.W. - Co'eWate

H.A. - Hollow Auger S.S. - SIeIt SPOW C.A. - Cars Air
W.B. - Wash Sore ST. - Shelby Tube F.S. - Fengi ,t

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION
o o wo . .

FROM TO x wgj0 0 r. 0 SAND DENSITY

5.5' WB Dark gray silty clay, med. to stiff

5.5' 9.5' WB Dark gray silty clay, soft to med.

9.5' 11.0' ST 3.5 Dark gray silty clay, med. to stiff

Iii.0' 14.0' WB Same

. WB Gray silty clay w/trace sand, soft to
.14_O__.5 __B ,_ _ _ _ _ _ med.

5' 21.0'1 ST2i 1.0 Gray silty clay w/trace sand, soft

0' 40.0 WBf Gray fine sand

14 . 1 Total 1de t hJ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

ed 2 -- 25.1 9/11/81..mll,+.

•KS (Casin, Water Lo, Etc.) Wati.v

umd2hours -10 GPM 2. 1___ ____ Complation)

.+ g..ne-Ulestern CompangInc. c-247



u-I vations taken.
from top of casing Elev. '7'.-,

threaded cap and _______"

male adapterI

.4' long steel
protective casing ..........
with lockable cap

weep hole

Elev. 747

4" diame~ter, ClassI

160, PVC pipe

cement grout

bentonite seal

5'

00

gravel pack&

5' long Schedule 40/77
.010 PVC screen

cap-

Elev. 1717. Z

MW -7- 6

C-248



TEST BORING LOG

,Wt Lake City Army Ammunition Plant BorkV No. Mw 7-6 Sheet 1 of 1

Surf ae Eleation Of fat

d__ Date Started 1/20/82 Completed 1/20/82

I& State Independence, Missouri Driller T. J. Butler Rig D-2

Abbrinnations: A.D. - Auger Only R.B. - Rock Bit C.W. - Core Watr
N.A. - MOllow Auger S.S. - Spul spoon C.A. - Core Air
W.B. - Wash BOre S.T. - Shlby Tube F.S. - Finger St

DEPTH - PENETRATION RECORD >. SAMPLE DESCRIPTION

OOI- -- > R-MATERgAL-MOISTURE CLAY CONSISTENCY
FROM TO W 0Cus COLD-SAND DENSITY

160.0, 4.5' WB ' Dark Brown silty clay, medium to soft

4.5' 10.0 WB I Dark gray silty clay, medium stiff

10.0' 17.0' WB _Same

117.0 24.51 WB _Gray silty clay, medium soft

1 24.5' 28.5' WB _Light gray silty clay, medium soft1 I Maroon silty clay, w/trace sand, medium
5' 31.0' WB ! _ to soft

3 40.0' WB I Gray fine to medium sand

40.0- Total Depth

SI ____

*1_ _ _ _ __ _ _; _ _ __ _ _ _ _ _ _

C. I

J 1 1

RKS: (Casing. Water Loss, Etc.) Water L evel Time Date
Before

ed 2 hours @ 4 GPM, not steadily 22' Pumping 1/25/82 (Completio

toeIfWestern Company/c.



elevations 
taken.

fram top of casing7

E . threaded cap and

RA male adaptrh
41 long steel

protective casing 2.0'

~weep hole
with lockable cap

ELE-. 74B.5

4" diameter, Class
160, PVC pipe

cement grout I

bentonite seal

hand- slotted 37 5'
PVC pe Ip ipLEV. 7z,.3

gravel pack

5' long Schedule 40 O
.020 PVC screen

EL.V. 711.3

M W"

MW 0-1

C-250



TEST 3ORING LOG

Laoit Lake City AAP Boewi No. mw 8-1 Sm 1of_

__-_Surt e Elevation 748,.8 Offt _

__DaemStatod 8/18/81 CompleW 8/18/83

t Independence, issouri Driller _. Blank Rig

Abbreviawtm: A.O. - Auge. Only R.5 - Rock Sit C.W. - Care Wa
H.A. - Hollow Augr S.S. - Split Soon C.A. - Core Air
W.1 - Wash B S.T. - S ebv Tubs F.B. - Finger 1

OE PENETRATION RECORD >. SAMPLE DESCRIPTION=us
O 0 LU0RM T COW. _mL, R MATERIALMOlTUREII:CAI CNISE

FRM Ow W1 0--- ......- SAND DENSITY

0.0' 1.0' WB Topsoil

1.0' 3.0' lB Dark brown silty clay, very stiff

3.0' 5.0' E Brown silty clay, very stiff

95.0' g.0' WB Same

U 9.0' 10.5' STI 2.7 Same

-"10.5' 12.5' WB Same

.5' 15.0' WB Red brown silty clay, very stiff

M 15.0' 19.0' WB Same,

Brown silty clay w/shale & trace
20.5' ST2 2.5 sandstone, very stiff

20.5' 22.0' WB Same

.0 25.0' WB Gray silty clay, very stiff

25.0' 32.0' WB Gray fine sandy clay, very stiff

132.00 37.0' WB Brown silty fine sand, med. dense

40.0' VB Light brown silty clay, very stiff

40.0' Total dept

V AI ;KS (m static
MKS*(C8e0 Water Look Etc.) Waer Leve, Time Date

/2bour - 1-1/2 GPM 9.9 9/14/8l1mpi,

I- -2yne-I~istern Compang.Inc. -.



I WELL CONSTRUCTION ELEV. 755-S9

protective casing

weep hole ELEV. '15Z.9

I cement grout

I 4" threaded
flush joint

* Schedule 40 pvc

1' bentonite sealELV 
7-B

* 40I

I 4" Schedule 40 .010

Igravel pack8 0

I _ELEV. 712.q

1 MW 8-2
C-252



TEST BORING LOG

Proiect Lake City A.A.P. BoringNo. 8-2 Sheet 1 ofJ

replacement well Surface Elevation 752.89 Offset 51 North oL.
sW 8-2

Date started 9-25-84 Completed 9-26-84

tate Independence, Missouri Driller Buck Rig AD-2

AbbMrev4alaon: A.O. - Auger Only R.B. - Rock Bit C.W. - Core Watt
IN.A. - Hollow Auget S.S. - Split Socoon C.A. - Core Air
W.B. - Wash Bore ST. - Shelby Tube F.B. - Finger Bit

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION

FROM TO W 0 SAND DENSITY

W Oww

1.0 HA Brown silty clay, moist, very stiff

1.0 4.5 HA Gray shale, dry, hard (FILL)
Gray-brown silty clay, moist,

4.5 6.0 HA very stiff (FILL)

Gray-brown shale & clay, moist*,
6.0 8.5 HA _very stiff (FILL)

Gray-brown silty clay, moist,
8.5 9.8 HA very stiff (FILL)

9 8 11.0 HA Dark brown silty clay, moist, stiff

W.0 15.0 HA Gray-brown silty clay, moist, stiff

15.0 17.0 ST-1 2.25 1.5 Same

17. 0 18.0 H1A Same

18.0 28.0 HA Dark gray brown silty clay, moist. st

28.0 35.0 HA Dark gray very silty clay, very moist

35.0 37.0 ST-2 0.75 1.0 Same

37.0 40.0 HA Same

'140.0 Total Dept_

IARKS: (Casing, Water Loss, Etc.) Watertevel Time Date

210_ 9126/84 (Completic

12.8 _ 1/17/85

yne-Ufestern Comrpany/nc. C-



U CONsTUC11ONVt)N 01
elevations taken.9from top of casing ELEV 779a) threaded cap and ______777

4- long steel
protective casing
with lockable cap

3 _________E.LEY '74.5.8

3 4" diameter, Class
- 160, PVC pipe

3 cement grout

bentonite seal

I hand- slotted

4P41 'long Schedule 40 Z2
.020 Pvc screen8

IELFLV. 70o 7. 6j MVJlid



TEST BORING LOG

Prop" Lake City AAP MV 8-2 S l@

____Surfac E vatian 745.8 Offut _____

aft. aSu 8/19/81 co,,. , . 8/1t/81

t.atine Independence, Missouri Oriler B. Blank Rig

Abbswaaom A.O. - Augr Olf R.UL - R4c bt Cw. - Com wamf
mA. - oiaw Auger S.S. - Sot Smm CA. - Care Air
W.8. - Wash 9m S.T. - Shnbv Tube F.. - Ping Sit

__DEPTH PENETRATION RIECORO > SAMPLE DESCRIPTION

FRO D- > CLAYw CONSISTENCY

IU U- Ui. "q: COLORMATERIAL._MOISTURE_-LNY EC
FROM TO ui:l -0- SA DOS

90' 1.0' WB Topsoil

I1.0 5.0' WB Dark gray silty clay, very stiff

5.0' 7.0' WB Same

7.01 9.0' WB Gray & brown silty clay, very stiff

9.0 10.5' ST1 2.5 Same

' 15.0' WB Same

15.0' 19.0' WB Same

19.0 20.5' ST2 2.251 Same

20 5' 23.0' WB Same

23.0' 25.0' WE Gray silty clay, very stiff

-25.0S 3a.0 WS same

s0.0' 32.0' WB Gray clayey fine sand, dense

32.0' 35.0' G ray silty clay w/1trace flne sand,32_ 
_0 

Vstiff
U05S.01 40.01 WS lsame

40. 0' Tota deptb

8 atic
(CuuIng Watw Lom 11m) Wa Lcl Tim Oam

P4 .d 1-1/2 hour - 1-1/2 GPM 7.4 914SeoloTe Dna

i o- -iaeWem Ipagin. C5



tAJNSII(IIC lION OF: WE'LL
elevations taken.

from top of casing72 .
threaded cap an 

LV 7ZI

protective casing 20

ELEV 75-0. 1

4diameter, Class
160, PVC pipe'.

* cement grout

benton ite seal

3hand- slotted C

gravel pack

3 'long Schedule 40 6
.020 PVC screen

Ii a WL3 C-256



TEST BORING LOG

Like City AAP swt o V 8-3 Set1o

_________ _________ ________ & mElevatin 750. 1 ont_ _ _ _

_______________________ DateuWed 8/20/81 completedl 8/20/81

IIIStte Independence, Missouri Dillet B. BlankRi

AWlonnawions: A.0. - Augur Only RU. - Rock it C.W. - Car, %
N.A. - Hollo0w Augr 5.5. - Solit Spon C.A. - Core A
W.B. - ~ sore 5.T. - Shibv Tubp P.11. - FmApr

DPTH PENETRATION RECORD SAMPLE DESCRIPTION

FROM TO 01 WI- 0 COLOR-mATERIAL-.MOISTURE-CLAY CONSISTENCY
I- ucc U SAND DENSITY

us a~j ow

0.0' 1.0' WB Topsoil

1.0' 5.0' WB Dark brown silty clay, very stiff

.0 7.0' WB Same

7.0' 9.0' WB Brown & gray silty clay, stiff

.0' 10.5' STi 1.251 Same

* 5' 15.0' WE S am.

1.' 19.0' WE Same

9.0' 20.5' ST2 1.5 Brown & gray silty clay v/trace sha
- - - stiff

0.' 22.3' WE Same

22.5' 25.0' WE M1aroon & olive &-gray shale v/trace
_______fine sand, very stiff

5.0' 30.0' WE Gray fit ine sand v/trace clay,
- - _______ - ver; NIt Z

0.0' 33.5' lB Gray silty fine sand, dense

33.5' 35.0' WE Gray silty clay, very stiff

_.0_40.___ Gray siltyclay v/trace lignite, ver

*ARKS: tatic
("%Water Level OWI Time Date

Od2 ous- Gm5.9 -
9 / 4 /8kmpiat

IMWetenCQmAnJyoP/nc. C-257



* LMNS11111: IION OFI WEL
elevations taken.Uftzm top of casIng ELEV. '(4.(
threaded cap and________

U with lockable cap 3

-E.LE. '/7(Z.4.

4" diameter, ClassI 160, PVC pipe

I cement grout

bentonite seal

Ihand-slotted c

%I EL.EMV -750.4

Igravel pack &t 7

1 5'long Schedule 40
.020 PVC screen

I ELL-V. 74Z?.4

MW -

C-258



4 TEST BORING LOG

Lake City AAP lorVin N.. MW 8-4 Shm_1lof.
____ ___ ____ ___ __Surf=@__ Eleato 762.4 OffUet_ __ _

IndpedeoeMisoriDate Stare 8/18/81 CaimIeted 8/18/81

.4V~ & State wie Butle
Abbriedauon: A.O. - Augr Cmlv R.S. - mock Sit C.W. - care W

WL - -Molo Auo 5.5. - Soo S9OOn C.A. - Core At
W.S. - Wuh Sowe LT. - Shslby Tubs F.S. - Pinpr I

EPTH PENETRATION RECORD ~.SAMPLE DESCRIPTION

PRO TOc SAND DENSITY

aO.01 3.5' WB Light brown silty clay. med. to sti:

3.5' 6.0' WE Light gray silty clay v/trace sand,
_______ _____ tn mod_

6 Of 851 WBDark brown silty clay v/trace sand,
8.5 IDto med.

8.5' 9.5' ID Green gray weathered shale, mod. to

N .1 11.0' SSl Layered maroon & gray shaly clay, me
- - ____ __ _ ___ stiff

.0 13.5' WB Same

~3.5' 14.0' ID Light gray weathered shale, soft to

*N14.0' 16.0' WBD Maroon and light gray shaly clay, so
- - tn ii -

16.0' 19.5' ID Green gray weathered shale, med. to
- - - .hard

19.5' 40.0' WB Light gray shale, hard

40.01 Total depth

UMRIS. fCaling WaWs Lous. Etcj8tartea Time Date

,% 44 1-1/2 hour - 1/2 GPM 11.5 9 / 1 4 / 8 (Compieioi

C--59



U elevations taken. (APNSI 111Cij I ION OF WELLIj
from toy of casingEEV

threaded cap and

male adapter

4' long steel
Protective casing
with lockable cap211

4" diameter, Class5 160, PVC pipe

5 cement grout

U bentonite seal

Sb i
5hand-slotted27

gravel pack

cap-O

IELE.V- S.

C-260 N



a nTEST BORING LOG

Lake City AAP III&" NO. MW 8-5 Shot_1
it_ Surfae Elevation 782.8 ofat

Date Stwtrd 9/1/81 Comveta 9/2/81

•iw & Ste Independence, Missouri Driller T. Butler Rig
AbbIevietions: A.G. -Au Only R.3L - Rock Bit C.W. - Core We

.A. - s low Aupr S. - rplit soon C.A. COre Air
W.E. - Wmh BoMe LT. - Shelby Tube F.S. - FPin B

DEPTH PENETRATION RECORD , SAMPLE DESCRIPTION

0FROM T COLORMATERALMOSTUECLAY CONSISTENCYCOO--lE AL-MO SE-AND DENSITY
LU UZ 6 -

zo oc

0.01 4.5' WB Light brown silty clay, med. to stil

N4.3 6.0 W- Brown silty clay, med to stiff

a.0o 9.5' WB Gray silty clay, med. to. stiff

9.5' 11.0' SS1 Gray sandy clay, med. to stif~f

11.0 14.0' WE Same

14.0' 16.0' WE Light tan silty clay, soft to med.

3.0' 24.0' WB Dark gray sandy shale, med. to hard

27.0' WB Light gray shale, soft to med.

27.0' 29.5' WB Gray shale, med. to hard

-29.51 34.0' WB Maroon shale, soft to med.

3.0 36.5' WB Light gray shale, soft to mod.

i36.5' 40.0' WB Gray shale, med. to hard

-40.0' Total depth

b tat ic..C8ing. Water Los. Etc.) Water Level Time Date
0"*ped 2 hours - 1/2 GPM 15.9 9/ 1 4 / 8 1 (Compietio

i i-

NW .4I&estgrn COmpany,Inc. C-
"' WA



C-262



elevations taken.
from top of casing Ee.711

threaded cap and _______-74 
1.__13

male adapter

4' long steel
protective casing Z2

* with lockable cap

weep holeElev. 
-73 9

- ~4" diamreter, Classit
160, PVC pipe

cement grout J

U bentonite seal-,>4.

hand-slotted V 3q#U PVC pipe

gravel pack 8

5' long Schedule 40 a3.010 PVC screen 6

cap

MW qg

11 C-263



jTEST BORING LOG

Project Lake City Army Ammunition Plant BoringNo. mW 9 1 Shet...of

j Surface Elevation 739.j83 Offset

iss Independence, Missouri DateStarted 12/28/ Completed 9i1/p/

ity &State Independence. Missouri Driller -. Von H1 - Rig -,

Abbrevistonsc A.O. - Auger Onl v  R.S. - Rock got CA. - Core Wa
H.A. - IHollOw Auger S.S. - Spot Sooon C.A. - Core AiT

W.5. - Wasn sore S.T. - Shmbv Tub Fl. - Fnger B

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION

,FROM TO I COO -MATERIAL-MOISTUR: CLA CO SISTENC
41,c . SAND DENSITY

0.0' 0.5' WB Gravel

0.5' .0' WB Cark rbrown silty clay, stiff

5.0' 12.0' WB Dark crav silty clay, stiff

12.0' 13.5' sT1i! 1.0 1.5' Gray & trace/brown silty clay, medium

13.5' 19.0' WB 'Same

19.01 34.0' WB ___ IGray silty clay, medium

.Of 40.0' WE iGray fine to medium sand, w/trace of silt

40.0- Total De i th _

SEMARKS: (Casg Water Lose. Etc.) Water Level Time Data

SPIOtl Of Sand 6 34' -400' A 2 j,(Completion

P~pdfor 2.5 hours 0 6 GPm______
A- -

\ A i



U elevations taken.
from top of casingEl .74I

Wthreaded cap andElv 7..1

male adapter

41long steel

protective casing

weep hole

Elev. -740.1

4" diameter, Class
160, PVC pipe

cem~ent grout

U bentonite seal

00

.010 PVC screen %,

NElev. -0.

5 C-265



i TEST BORING LOG

Proet Lake City Army AmmUnition Plant Boring No. M 9-2 She 1 ofISurfae Elevation 740.10 Offwt

(Os Date Started 12/9/81 Completed 12/9/81

'itV& State Independence. Missouri Driller T. J. Butler Rig p-2

Abbrev etons: A.D. - Augwr Only R.B. - Rock Sit C.W. - Core We
N.A. - HjllOw Augw S.S. - Splht ScoaaO C.A. - Core Adr
W.8. - Wah Bore T. - Shelbw Tube FB. - Finger 6

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

FROM TO C AY > CONSISTENCYFRO0 TO 0 I COLOR-MATERIAL-MOISTURE-1X--- 5___ 0 3  SAND DENSITY

0.0' 2.5' WB _ _ rown silty clay, medium to soft

2.5 __9.0' WB Gray silty clay, medium to soft

0m' 9.0' 11.0_ WB _ Iray silty clay, medium to stiff
kray silty clay, trace/sand & weathered sha.

11.0' 12.5' WB hedium to soft

12. 14.0' ST1. 1 1.5' kray silty clay, trace/sand, stiff

4.01 20.0' WB _rav silty clay, medium to soft

20.0' 32.5' WB Blue gray clay, medium to stiff

4 -32.51 40.0' WB Silty fine to medium fine sand

WE 40. 0 Total De ______

WAK:(C81int WOW Lou. Er-1 W4Wr I" Time Date

-8 LVeofsr32 1 4.615.•40 119/ (Compi,

for I hour vS GIpm

N-&t'1 OP97&CC-6



I elevations takenf.
from top of casing Elev. 741.43

threaded cap and_________I. male adapter

4' long steel
protective casing Z
with lockable cap

weep holeEev q.

Elv 7q
4" diameter, Class1 160, PVC pipe

j cement grout

U bentonite seal

hand- slotted

gravel pack 8

5' long Schedule 40 1 1
.010 PVC screen_ 6 a V

Elev. 7&.4

MWq-

C-267



TEST BORING LOG

"0j, Lake City Army Ammunition Plant BorngNo. MW 9-3 SheetIof I

go Surface Elevation 739.43 Offset .....

.ddress DateStarted 12 .rs Completed 1i2/A/A

,ty&State Independence. Missouri Driller j. Von Hg1t Rig n- _ _

Abbrviations: A.0. - AugKrO"lV R.S. - Rock St C.W. - Core water
H.A. - Hollow Auger S.S. - SgI Soon C.A. - Core Air 0
W.S. - Wash Bore S.T. - Shelbv Tube F.B. - Fingr Bit

DEPTH PENETRATION RECORO1 I . SAMPLE DESCRIPTION

FROM TO U in.. 0 COLORMATERIALMOSTURE_CLAY CONSISTENCY
T _ U., SAND DENSITY

0.0' 0.5' WB _ __ _ r _ave

L20.5 7.0' WEI Dark brown silty clay, stiff

7.0" 12.0' WB Dark gray Silty clay, stiff

12.0' 14.0' WB _ _ _ B rown & gray silty clay, stiff

L14.0' 15.5' ST1 2.0 1.5' Same

- 27.0' WD Same

27.0' 33.0' WB :;ray silty clay, medium

L33-0 40.0' WB 3ray fine to medium sand w/trace of silt

40. 0' Total Depth

ip

WeARKS: rll, WaW Lou Etc.) Water Lewd Tine Dow

l11 IM1e of Sard 1 33' - 40' ,._ 1z2aIornper

tq IP d for 3 hours S 6 GPM C-268



elevations taken.

from top of casingEl .

Ithreaded cap and Ee.7q..

male adapter

protective casing sf~(T&NU l lv 4

3 hand-s le

16,PVC pipe

gravel pack 8

5' long Schedule 40U .010 PVC~ screen

Elev. 7o/.1

MWq-
C-269



TEST BORING LOG

p *vt Lake City AiyAmmunition Plant Baring No. MW 27 4 -Shee IOf

U _______________________________ Surfae Elevation 743.03 Offut______

A V MDate Started 12 4/ 1 Completed 124/ ip

isv&SaeIndependence, Missouri Driller J. yon~ Holt -Rig 17-_

Abbreviations; A.D. - Auger Only RUB. - Rock Bit C.w. - Core W;
H *A. - Hollow Auger S.5. - Solit SPOon C.A. - Core A#

W.. - Vfth Sore S.T. - Sheby Tube F. - FinerE

DEPTH PENETRATION RECORD >.. SAMPLE DESCRIPTION
~U.

FRM O ~ W CLOMAERALWtISURCLAY CONSISTENCYaLm 00.1MOSUE
)C- 1 C3 SAND DENSIrY

0.0' 1.0. WE _____ravel

1i.0'1 10 WB I__ ____ Dark brown silty clay, stiff

IM 11.0, 18.0' WB 1AonF ryqit l tf

18.0' 19.5' STI 1.5 11.5' jBrown & gray silty clay, stiff

r 19.5' 27.0' WEI - Same

U=a70 36.0' WE __ ________ Gray silty clay, medium

36.0' 40.0' WEI G____ ___ray fine to medium sand w/trace of silt

U 40.0' Total Depth

U' EUAR KS: (Ca86%g Wate Lose, EV-) Water Level Time Date

& _Smple of sand 03G' - 40.' 12.55 - /28182I (ComPi'

FPEPW for 2.5 hous 6 6 GPM C-270



CO NSTRlUCTION OF. U .1.
elevations taken.

from top of casing

threaded cap and _____________C male adapter

4' long steel
rtectjvc casing
with lockable cap

weep hole 

E e

4" diwi. ter, Class

160, pvC pipe

U oentt grout - Idlv.5 7

bentniteseal

grvlpack

5'long Schedule 40 F

U 010 PVC screen 0

Elev. 6_%a.74

MW 10-/

C-271



TEST BORING LOG

Proiwt Lake City Army Amunition Plant Boring No. MW 10-1 Shet 1 of_

IF Surface Elevation AS4.74 Offset 10 ' E. of 10

Date Started 1/8/82 Completed 1/8/82

y & State Independence, Missouri Driler T. Butler Rig D-2

Abbrevetsons: A.O. - Auger OnI R. S. - Rock Bit C.W. - Core Wet
N.A. - Hallow Auger S.S. - Splat Sooon C.A. - Core Air
W.B. - Wah sore S.T. - Shstlb Tube F.B. - FPngr S.

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

0 -
FROM TO Zj 0"'- COLOR MATERIAL-M(|STI 11:C Y CONSISENCY

6W 03 .SAND DENSITY

* T Dark brown silty clay, slightly moist, med.

0.^1 4.0' WB !to soft

95 :Dark brown silty clay, slightly moist, soft
4.0' to med.

9.5' 13.0' WB Same

13.0I I WB 1Brown silty clay, very moist, soft to very

1 16.5' ST1 1.5 Same

16.5' 17.0' WB Same

1/O ' 18.0' WE Limestone

X is. Refusal

An-

MARKS: (Caming, Wow Lou. Er-) Watir Level Time Date

________ - - Completl

ne 'Western Comp an2nc.



TEST BORING LOG

00ec Lake City Army Anunition Plant Boring No. 10-1 Shee 1 Of 1

Surfa= Elevation________ ___________

Jdrp Date Started 1/4/82 Complete.. 1/4/82

ty & State Independence, Missouri Driller T. Butler Rig D-2

Abbreviations: A.O. - Auger only R.U. - Rock Sit ' C.W. - Coie Water
H.A. - Mallow Auger S.S. - SPlIt SPoon CA. - Core Air
wEB. - Wash Same S.T. - Shelby Tube F.S. - Finger Sit

*CDEPTH PENETRATION RECORD I -SAMPLE DESCRIPTION
I0 l- >U1O TO x WI. (A U COLOR-MATERALMOSTU_ CLY CONSISTENCYF. FRIOJ MOOU. %-U SAND DENSITY

I W
0.01 4.5' AO Dark brown silty clay, slightly moist, med. t

4 I 1.' A Dark brown silty clay, slightly moist, soft t

____ _ _ ____ ___ ___ ___ ___ ___ med.

10.0' 1.0' TAO Same

1.1 20.0' ACID B Brow silty clay, very moist, soft to very sc

20.0' 22.0- JAO~ Samne

.0' Refusal

AI. - nW~ro.=)Wae oa TrwOt

Un.- #/6 ____f"C m00 .&C -7



N elevations taken,
from top of casing to o :,,t,,g Elev .854.q

t h r e a d e d c a p a n d 
E 1'- 

-_ .5 
54,

U hMale adapter

41 long steel
protective casing nj3 with lockable cap

Elev. 852-.q I

4! diame°ter. Class1 160, pvc pipe

u cement grout

I bentonite seal

II

gravel pack

Is' long Schedule 40

.010 PVC screen

I"

Elev. 5ZO.AI

~IM iO-Z

C-274



TEST BORING LOG

Proect. Lake City Army Ammunition Plant Boring No. 10-2 s..m 1 Of

____________________________ Surfae Elevation______ Of fset______

______________________________ Date Started 1/4/82 Complete 1/4/82

ty"& State Independence, Missouri Driller T. Butler Rig D-2

Abbreiations: A.D. - Auger OnlY A.S. - Rock Sit CW. - Care war
M.A - Mallow Auger S.3. - Slit Sooon CA. - Care Air
WI.B. - Wash Bare S.T. - Showyv Tube F,q. - Finger 91

DEPTH r PENETRATION RECORD > SAMPLE DESCRIPTION

FROM0 >O ZoCOOAEIL STURE CAY CNSITENCY
FRO TO x .z W -, oo i0CLRMTRA- SAND DENSITY

0.0' 5O~ j !Dark brown silty clay, slighti.y moist, med.
ACIto soft

5.0' 10.0' AC Sm

10.0' 15.0' AO I same

W -101 21.0' AOsm

21.0' 25.0' AC jLight brown shaly clay, slightly moist,
_______ ___I med. to hard

25.0' 30.0' AC Same

30.0' 32.0' AD Same

32.0' 40.0' AO Gray shale, dry, med. to hard

40.0' Total depth

MARKS: lCaing Water Lms Em)J Water Level Tin* Dots

Dry 12%15 ps 1/4/82 ico

"M~~ -~~~r~./~.C2



I TEST BORING LOG

Project Lake City Army Anmmunition Plant Sorqg No. MW 10-2 Shoat_..f _

__SurfaceElevation 852.91 Offset 5' E. of 10-

_ _ _ _ _ _Date Started 1/9/82 Completed 1/9/82

tate Indeoendence, Missouri Driller T. Butler Rig D-2

Abbreviations: A.o. - Augur Only R.I . - Rock Sit C.W. - Core Wa
H.A. - Hollow Auger s.s. - Soit Spoon C.A. - Crwe A.
W.B. - Wash Bore ST. - Shelby Tube F.B. - Fngr E

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION

0 oj3 - I-cx U LA OSSECFROM TO z I.- l uj 0 COLOR.-MATERIAL-MOISTURE- CONSTENCY
Q Ic SAND DENSITY

U.1 , uit , 0

'Dark brown sjlty clay, s1igntly moiLst,
0' 5.0' W I med. to scft

5.0' 10.0' WB j Same

10.0' 15.0' WB Same

15.0_ ' 21.0- WB Same

21.0' 25.0' WB: I jLight brown shaly clay, slightly moist,
i med. to hard

30I25.0 .I_ 30.0' WB Same

1W .0' 32.0' WB Gray shale, dry, med. to hard

32.0' Total depth

r MARKS: (Cuin. Water Look Ec.) Water Le Time Date

e / I- t"/rCpn (Comple,

-I. &IS& _o fc -7



I elevations taken. CONTRUClTuION(J VI4
frou top of casinqo

5threaded cap and Elev. 837A4
m'ale adapter

4' long steel
protective casing Iq3 with lockable cap'

3 weep hole

160, PVC pipe

cement grout i

bentonite seal

gravel pack 
1

5' long Schedule 403 010 PVC screen #

I Elev.62I1M4

IM. II0-3

1 C-277



TEST BORING LOG

prowt Lake City Army Ammunition Plant gmritNo. ,W 10-3 Shet I of

Surface Elevation 835.49 Offet

__ _ __t__e_ Date Startld 1/4/82 Completed 1/4/82

ry&State Independence, Missouri Driller T. Butler Rig D-2

Abbrevistions: A.O. - Augr Only R.U. - Rock Sit C.W. - Core Wae
H.A. - HOllow Auger S.S. - Split S oon C.A. - Core Air
W.B. - Wnh Bor* S.T. - Shelby Tube F.S. - Fingr ea

DEPTH 1 PENETRATION RECORD! >- SAMPLE DESCRIPTION0 >
FROM TO x Uj 0: COLORMATERIALMOOSTURECLAY CONSISTENCY

U1 01 = C SAND DENSITY

0AO Dark brown siltyclay, slightly moist,
_med. to soft

7.0' IAQ ___ Same
..' Dark gray silty clay, slightly moist, soft7.0' 12.0' AO to med.

12.0 15.0' AO iDark brown siltyclay, slightly moist, med.
_ Ito soft

15.0' 21.0- AO Same

21.0' 25.0' AO Light brown shaly clay, slightly moist, mec
_________to hard

30.0' AO Same

35.0' AO Same

35.0' 40.0' AO Same

Total depth

V - -.-

MARKS. (Caing. Water Lou, WtD.) Wirer tw Tim Dat
-Used auger hole as pilot hole for well.

/ 1/7/82 VS hole for monitoring well with a Dry 3:00 pm 1/4/82 (Comp

Jim" of. .C-278



elevations taken.
from top of casing Elev.84.

threaded cap and________

male adapter

4' long steel
protective casing 

I

with lockable cap

Elev. 8421.a

4" diameter, Class
160 , PVC pipe 

o
cement grout /

bentonite seal

*r

gravel pack 8

5' 16ng Schedule 40 02
.010 PVC screen 

V

cap

* ~Elev. 8~I

iewio-4

C-279



TEST BORING LOG

3*nLake City Army Ammunition Plant B',itNO. MW46 10-4 Sheet I of 1

__________________________ Surface Elevation 842.12 Offist _____

Date Started 1/4/82 Completed 1/4/82

~y&Sae independence, MiDssouri Drgile T. Butler Rig D-2

Abbmiiitions: A.0. - Augar Only R,8. - Rock Sit C.v. - Core Watirr
14.A. - Hollow Augaf S.S. - Salet Socon C.A. - Core Air
W.B. - Wash Bare S.T. - Shelby Tutl .3 - Finger Sit

DEPTH PENETRATION RECORDI > SAMPLE DESCRIPTION

FRO TOCd cc > CLRMTIAMlSUECLAY CONSISTENCY
FROM TO =W r U. SAND DENSITY

ow Dark brown silty clay, sflghtly moist,
0.0' ~ "'med. to soft

I 5.0' 10.0' AO Same

10 .0' 15.0' AO Dark brown silty clay, moist, soft to med.

50' 20.0' AOSame

J20.0' 25.0' AO Same
Drk brown silty clay, very moist, ott

.0' 31.0' AO (mD.ott

01 31.5. lAO f Cray shale, dry, hard

31i.51 40.0' AO f Gray shale, dry, med. to hard

40.0' Total 4pth

T-1.

WsrLevel Tkm Dans

with a 24.0 2:00 ps 1/4/82 (C~mg.4c

C-290



WELL CONSTRUCTION
l1evntic'ns takcen.

rrom top of casingj Llev. s. II. slip cap w 'T' handle

protective casing 2.10

weep hole

4" Schedule 40, threadedI flush joint PVC casing

cement grouL

I bentonite seal

I2.

gravel pack

I4
15, lon~g Schedule 40 27'

.010 PVC screen

p 1ug ......... ........ T lev. % 4.

h -6"

MW /)-s'

C-281



TEST BORING LOG

Lake City AM AumMition Plant Boring No. 1I 10-5 Sheet 1 of_

I__ Sura .eaton 829.4 O..t

.---- e Date Started 1/5/83 Completed 1/6/83

IV & State Independence, Missouri Driller B. Blank Rig AD-2

Abbrmtmons: A.O. - Aupi Only R.S. - Rock Bit C.W. - Core Watt
N.A. - Hollow Aupr S.S. - Slil Spoon CA. - Core Air
W.I. - Wash @or* S.T. - Shelby Tube F.S. - Finger it

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION
0 .O >u• 

/tAlRAu~_:rm CLAY CONSISTENCYFROM TO . l I.. . LU COLOR 8 ....... ........ ST O E NST* og oTO Z WsE W 0 SAND DENSITY
WU O.j OWU

INS__ 2 ___ r _ __ _ 2W Zia_ __ _ __ _ _ __ _ __ _

0.0' 3.0' HA Brown sandy clay (fill) moist,'very stiff

13.5 HA Brown silty clay, moist, very stiff

13.5' 24.5' HA Brown silty clay w/trace sand, moist, very

24.51 26.0' ST1 2.25 1.5' Same

33.5' HA Same

33.5' 39.0' HA Dark gray shale, dry, med. to hard

h g0' Total depth

V

MARKS: (Casing, Water Loss, Etc.) Water Level Time Date

Dry 3:00pm 1/5/83 (Completior

#yn -Western Comp niflnc. c. C2



WELL CONSTRUCTION

r~evations taken.

from top of casing le v. '3 q
slip cap w T' handle _________

protective casing 7-16

4" Schedule 40, threaded
flush joint PVC casing

cement grout

Ibentonite sa
I2.

0

gravel pack q9

15' long Schcdule 40 0
.010 PVC screen

Elev. sO.

I6
Is 10-bU. C-283



TEST BORING LOG

P t Lake. City Army Anutnition Plant Bing No. 1W 10-6 Sheet 1 of__

Surface Elevation 853.7 Offut

0 AI* Date Started 1/5/83 Completed 1/5/83

y & State Independence, Missouri Driller B. Blank Rig AD-2

Abbreviations: A.0. - Auger OnIly R.S. - Rock Bit C.W. - Core Water
H.A. - Hollow Auger S.S. - Solit Spon C.A. - Core Air
W.B. - Wash ore S.T. - Shelby Tube F.S. - Finger Sit

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION

! U)0 - x >
FTO u $- in Lu COLORMATERALCMOISTURE- CLAY CONSISTENCY

I U o 3: .O A -SAND DENSITY
2- 0. ncc

i . 0.6' HA Topsoil

I 062.0' HA Brown silty clay, moist, very stiff

med. to
2.0' 5.5' HA Olive brown weathered shale, slightly moist,

Brown weathered shale, slightly moist,
11.0' HA red. to hard

I1i.0 13.0' HA Brown & gray weathered shale, slightly mist

med. to hard
Brown broken weathered sandstone, slightly im

.0' 13.9' HA med. to hard

iQ9 14.8' HA Brown weathered sandstone, slightly mist,
med. to hard

23.5' HA Gray shale, very moist, med. to hard

23.5' Refusal

11- ^ARKS: (Casing. Water Loss, Etc .) Wwater Level Time Date

10.0 12:10pm 1/5/83 (Completion

f eg P- Western CompanyInc. C-284



elevations taken.
from top of casing

threaded cap andElv 7og1
male adaptor

4' long steel
protective casingI with lockable cap

wep ol
Elev.

4" diameter, Class

Icement grout )d
I bentonite seal

1 1 3'

gravel pack

I4
I; ' long Schedule 40

.010 PVC screen

1ap.4

Elev.

1@ MW I-

C-285



TEST BORING LOG

s:t Lake City Army Amunition Plant Borin No. mw ii-i Shet I of

Surf=* Elevation 788.76 Offet

ddr, Date Started 12/14/81 Completed 12/14/81

ty & State Independence, Missouri Driller T. J. Butler Rig D-2

Abbremations: A.0. - Aupr Dnly R.E. - Rock Bit C.W. - Core Water
H.A. - Hollow Aujmr S.S. - Solit Soom C.A. - Core Air
W.B. - Wash Sort ST. - ShOlov Tutw F.S. - Fongsr Sit

DEPTH PENETRATION RECORD' > SAMPLE DESCRIPTION
-cc0 _CLAY CONSISTENCY

FROw TO, cc o COLOR-MATERIAL-MOISTURE-SN EST

F R O M TO U i0 A D DE S T

0.0' 1.0'_ _ WB 'Dark brown silty clay, medium to soft

1.0' 5.0' W _Brown silty clay, medium to soft

5.0' ; 10.0' WS Same

10.0' 13.-i WB i Same

13.0'1 22.0 1 WB Liaht brown silty clay, moist, soft to medium

3' 23. 01 W - ray shalp

20 ' Total Depth

EMARKS: (Cin%, Water Loe, Efc.) Water Lel Time Ont

Pedb for 2 hours, fmaied 1/2 GPM.not steadily 9.7 1/29/82 lCompetion)

s lyfe- stN Compang.Cnc.



TEST BORING LOG

:t Lake City Army Amunition Plant Boring No. 11-1 Shit I. of

Surface Elevation Offet

, ._.___ Date Started 12/9/81 Completed 12/9/81

& State Independence, Misso4iri Driller T. J. Butler Rig - D-2

Abbre iations: A.D. - Auger Only A.8. - Rock Bt C.W. - Core Water
H.A. - HaIOw Auge S.S. - Splt Spoon C.A. - Core Air
W.B. - W0e1a sor S.T. - Shelby Tube F.. - Finer et

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION01:: w

FROM TO Z I COLOR-MATERIA L-MOISTuRE- CLAY CONSISTENCYO x I 01 SAND DENSITY

0. 0 1.0' An Iark brown silty clay,moist, medi,,m to soft

1,0' 13.01 AO iBrown silty clay, moist, medium to soft

13.0' 23.0' AO ,_ __ , Light brown silty clay, moist, soft to medium

23.0' 25.0' AO _ * .Gray shale, dry, hard

25.0' Total 0egth _ __

*RIKS: (casing, Water Lou. Ett.)Wae ve TieDt

- *l n w h -A %amt-,a- -%2h 4ae rava Tm1 1D/4ate (CM lai

in~ hole, probably a pocket of methane gas.______
I.zzeg . jUy_=nflzl63 it naa utoppea.

*4#~fM 4 eSt.,n Complangs'nce.C28



elevations taken.COSR 
TIN F -AI

from top of casing)

threaded cap and _ _ _Elev. 71-74

male adapter

4' long steel
protective casing
with lockable cap

weep hole

I Elev. 7q .

4" diameter, Class3 160, Pvc pipe )
i cement grout (

bentonite seal

I,)
gravel pack 9

5' long Schedule 40
-010 PVC screen

Elev. 7(6.6

C-288



TEST BORING LOG

promect Lake City Army Ammunition Plant BoringNo. ,MW 11-2 Sheet 1 of

SurfaceElevation 789.64 Offset 10' W of 11-2

Addres DateStarted 12/15/81 ComPleted 12/15/8'

Uity & State Independence, Missouri Driller T. J. Butler Rig D-2

Abbreviations: A.0. - Aue Only R.S. - Rock Sit C.W. - Core Wat,
N.A. - Hollow Auger S.S. - Solit Scoon C.A. - Core Air
W.a. - Wmh be S.T. - Shoibv Tube F.0. - Finger Sot

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

,FRO TO CA . SAD ECONSISTENCY

0RMT W -U . COLOR MATERAL MOSTURE -SANO DESITE Y

0.0i I 1.0 WB ark brown silty cay. medium tn soft

I 0 5.0' 1W 'Brown silty clay, medium to soft

5.0- 10.0' WB ISame

I 1.

10.0' 12.0' WB __ Same

S O2.0 13.0' WE Light brown silty clay.gnft t-

JA. r .0 14.5' ST1 I 0 .5 TLi ht hroiw' -i1"t-V -1la _ e-,f

14.5' 21.0' WB T.ah- h silty f ,-l ,, '-Ot

21.0' 21.0' WR rray -ha I & - mhar.i m-,,% hny

F 2 3.0' Total De| th

JI

!

EMARKS: ICaong Water Lowk Er) Water Level Time Doa

"0 - for 1.5 hours, Pumped 3 GPM steadily _ Ja.IV lConple

ofe f. . C-289



3TEST BORING LOG

P,-, -Lake City Army Ammunition Plant Boring No. 11-2 Sheet Iof.

i Surface Elevation Of feet

Date Started 129/1 Completed 12/g/81

tate independence, Missouri Driller T. J. Butler Rig D-2

Abbreviations: A.O. - AugmrOnIy R.8. - Rock Sit C.W. - Core Wae.

N.A. - HolloW Augfr S.S. - SPit SPoon C.A. - Core Air
W.I. - Wash Bore S.T. - Shelby Tube F.S. - Finger i,

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION
0 LL (A > COLOR-MATERAL-MOSTURE-CLY CONSISTENCY

FROM TO UJ I ,, 0 SAND DENSITY
U..

: 
Z" je

0.0' 1 1.0' AO ! JDark brown silty clay, moist, medium to soft

1.0' 12.0' AO j Bown silty clay, moist, medium to soft

i 12.0' 21.0' AO _ Light brown silty clay, moist, soft to medium

21.0' , 23.0' AO Gray shale, dry, hard

23.0' Total De~th

1 -' _

Eft KS: (Cajg, Ww Loe Ev) Watw Level Time Oatw

__ _ _ _ _ _ _ __ _ _ _ _ _ _ _ (Comoetion)

. ..... I-- C-290



U ~ ~elevations taken. 4 Ni'CtcnN (IWI.
from top of casing

threaded cap and Ee.8 -. 7

male adapter

4' long steel
protective casing

with lockable cap 20

3 weep hole

I _ __ __ __Elev. b s

4" diameter, Class1 160, pvc pipe

cement grout

1 bentonite seal

gravel pack f

5' long Schedule 40 1
.010 PVC screen #

MW 1-3

C-291



II TEST BORING LOG

P ct -lake City Army Ammunition Plant BornigNo. MW 11-3 Shet 1 of 1

Surface Elevation 805.74 Offset

gou Dte Starr~d 1/13/82 Completed 1/14/82

aty & State Independence. Missouri Driller T. Butler Rig D-2

Abbreviations: A.O. - Auger Only A.E. - Rock Sit C.W. - Core Wg

H.A. - Hollow Auger S.S. - SQit SoPon C.A. - Core Air
W.S. - Wash sort S.T. - Shelby Tube F.8. - Finger 3

DEPTH rPENETRATION RECORD( >. SAMPLE DESCRIPTION

I FROM TO W> COLOR-MATERIAL-MOITURCLAY CONSISTENCY 0
FROM TO U1 09 x U0 COLOR E -- SAND DENSITY

U. ; Z.Q C Uj

0.0' 0.5' WB 1 Top s o i l

0 .5 1 5.01 WB Dark brown silty clay, med. to soft

5.0' 10.0' WB Same

-0.0 15.0' WB Same

15.0' 17.5' WB j Same

17.5' 20.0' WE Light brown silty clay, soft to med.

20.0' 25.0' WE Same

N 25.0' 26.5' WE Same

26.5' 27.5' WB Brown shaly clay, med. to stiff

27.5' 35.0' WB Gray shale, stiff to med.

35.0' 36.5' WE Gray shale, very stiff to hard

36.5' 40.0' WB Light gray shale, hard to very stiff

40.0' Total 4epth

r- -
MARKS: (COil, WatW Lowe, E.) Water Le Time Dole

10.6 1/28/82 (Compfe

C-292



TEST BORING LOG

Project Lake City ArmEy Ammunition Plant Boring No. 11-3 Shee 1 o

Surface Elevation________ Offit ______

ddruss _____________________ Date Started 12/9/81 -Completed 12,/9/81

sty & Stake Tndenaondence. Missouri Driller T. J. Butler Rig D-

AWbeyations: A.D. - AuqW OnlyV R.S. - Rock Bit C.W. - Core
H.A. - 140110w AUpf1 5.5. - Split Spoo C.A. - Coro
WIB. - Wash Som ST. - Sholby Tuto F.S. - Fing

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION

RO TO = > CLAY CONSISTENC'
FROM O ' a -CSAND DENSITY

Light tan shaley clay, slightly moist, mt

0.0' 8.0' AO It stif

8.01__ 9.0' AO ____Lrown shaley clay, slightly moist, soft
I I :Light tan shaley clay, slightly moist, In-

9.0- 13.0' AC ;_______ to stiff

I I Light tan shaley clay, slightly moist, s,
13.0' 16.0' AO I__ ____ ___to medium

16.0' 1 AC ____ _______ _____ t tan shaley clay, slightly moist, In
16.0____ 18.0' AO__ Ito _________ stiff

I Red brown shaley clay, slightly moist, mn
18.0' 19.0' ACO __________ to soft

I Light tan shaley clay, slightly moist, mn
19.0' 23.0' ACO __ ________ to soft

23.0' 24.0' AO _____ ___ Light gray shale, dry, hard

24.0' Total de th

IMARKS: ICAsing, Water Los, Ev.) Water Level Tkme Down

tion abandoned an no water present Dy12:0 ~-.12/9LV. lCor

Allow& .1110%40 Mme saa C-293



elevations taken. 
1CIJI .

from top of casing

threaded cap andElv 
74 0

male adapter

4' long steel
protective casing 2'with lockable cap

4" diameter, Class
160, PVC pipe

cement grout

bentonite seal.

gravel pack 8

5'long Schedule 40 z
-010 PVC screen

Elev. -7D.(

C-294



Io TEST BORING LOG

Oct Lak* City Army Ammunition Plant 0ning No. M 11-4 Shet 1 Of 1

Surface Elevatian 792.60 Offut S W Of 11-4

_ _ _ _ _ __ Date Stwed 1/12/82 Cornpleted 1/12/82

& State Independence, Missouri" Driller T. Butler Rig D-2

Abbruooans: A.0. - Augw Only R.B. - RoCk Bit C.W. - Core Won
H.A. - mollow Augpr S.S. - Split Upon C.A. - Care Air
W.e. - Wash be S.T. - SMhtb Tube Fm. - Fsn r lit

DEPTH 1PENETRATION RECORD > SAMPLE DESCRIPTION

O.0o. ' W 0 W os~
FROM TO . (A > COLOR-MATEAIAL-MOSTURE CLAY CONSISTENCY

TO x U. )- 1 03~ SAND DENSITY

|j 0
1.0. 5.0' WBI Dark brown silty clay, med. to soft

5.0'~ 10.0' WB jSam

10.0' 13.0' WB Same

15.0' W Light brown silty clay, soft to med.

5.0' 20.0' WB S Same

.0_ 23.0_ W Same

U 23.0' 24.0' WB Gray shale, stiff to med.

24.0' Total depth

N-

'AARKS: (Ca461% W OW Lou EIL) W ow L " Thm o w

4.2 1/28182 (Como,

C-2-
* We S nCopa&,nc



V TEST BORING LOG

ProjWc Lake CitZ' Army Ainwmition Plant Boring No. 11-4 Shee 1 of_

_________________________________ Surface Elevation________ Offset ______

_______________________________ Date Started 12/9/81 Completed _12/9/81

11v&sae Ifderndence, M'issouri Driller T. J. Butler Rig 0-2

Abbmwvations: A&O. - Aupr Only A.&. - Rock Sit C.W. - Core We8
N4.A. - Hollow Aupr 5.5. - Split Soon C.A. - Co)re Air
W.E - ~Wmt S.T. - Shelby Tubs F. S. - Finpv j

DEPTH PENETRATION RECORD >_ SAMPLE DESCRIPTION

FROM~ xO COO-MATE RIAL-MOISTURE-CA OSSEC
Z- i - 1

AO * ___Brown silty clay, moist, medium to soft

13.0______ 23.0_ ILight brown silty clay, moist, soft to medi

AO__ ILight gray shale, dry, hard

K3: lCf W@We ~LW Eu.) Water eI" Timfe Data

- - (Comolet

C-2%6

o-f-



elevations taken.
950 top of casingj w.8 4 8

threaded cap and ________

Male adapter

4' long steel
protective casing
uth lockable cap

4" diameter, Class
160, PVC pipe

cement grout

bentonite seal

gravel pack

5' long Schedule 40
-010 PVC screen

cap- O"-

C-297



TEST BORING LOG

Lake City Army Aouunition Plant Bornv No. -Shen

Surfa El"eation - a02-2 Offset

ost Strtd 1/1818 Completed 1/a

-& State Indegendence r Missouri Driller T. J. Butler Rig D-2

AbbMni$tOns: A.O. - AupfrOnIy R. - Rock li C.W. - Core
HA. - Ha1oo Auqf S.S. -Soit S @ n C.A. - Core
W.. - Wash Bore S.T. - Shelby Tube F.B. - Fsgs

DEPTH IPENETRATION RECORD > SAMPLE DESCRIPTION
ccSIx >CLA O NSI ST ENCY

FRO TOJ SAN DENSITY
FROM TO c3 0 & COLOR-MATERIAL-MOISTUNE -SA Y

z c,
Dark brown silty clay, medium to soft

3.0' 5.5' W3 _______________ Dark gray-siltv clay, medium to soft
L Brown silty clay, w/trace weathered shale,

10.0' WB medium to soft

10.0' 14.0' WB _ Same

0_20.0_ _ WB !Licht brown silty clay, soft to very soft

22.5_____ Same

.5' 27.0' WB Light gray shaley clay, medium to stiff

27.5E 34.0' Wa _Gray shale medium to stiff

34.0' 40.0' WB Light gray shale, stiff to medium

40.0' Total Det th

' CuIlq, Wow Look 1Es.) Watr L"v' TimeA Date

______ - - (Completl

7.3 1:30P.M. 2/15/ Z

C m~pang, ln6



elevations taken. CNT UTO FULA

from top of casing

threaded cap andElv755o
male adapter

4' long steel
protective casing
with lockable cap

4" diameter, Class
160, PVC pipe

cement grout/0

bentonite seal

0%

gravel pack 4

t'lon~g Schedule 40
.010 PVC screen

Elev. (q.

I C-299



TEST BORING LOG

act tk- r4..y Amw Ammunition Plant BoringNo. B-2 Sht 2 Of

Surface Elevetion Offut

_r___Oat@ Startd 2/2/82 ComPleted 2/3/82

& State Independence, Missouri Driller T. Butler Rig 11-_

Abbrevlitons: A.O. - Aur Dily R.B. - Rock Bit C.W. - Core Water
H.A. - Hollow Auger S.S. - Split Spoon C.A. - Core Aer
W.B. - Wash Sore S.T. - Shelby Tube F.B. - Finger Bit

DEPTH PENETRATION RECORD > SAMPLE DESCRIPTION

0 >
.ROM TO 0 Uj 0 COLOR-MATERIAL-MOISTURE-CLY CONSISTENCY-- X A UA SAND DENSITY

U zI -U
I 0

IT

69. 0 70-} WB ',i T~j n&-,t'nnP

70.0 74.5 __ Dark grav shale, hard

74.5 7 _ I Light gray limy shale, medium to stiff

7_ -__ 7__B Light gray limy shale, stiff to hard

far0 JTt Depthcmlatin

commm

- - . _ _ _ _ _ _ _ _ _



TEST BORING LOG

toc t L.itv Azuw Asunition Plant Boring No. B-2 She" Of

Surface Elevation 751.0 Offset

Date Started 1/ /AI Completed 2/1/R

te Independence. Missouri Driller T. Butler Rig D-I

Abbreviations: A.O. - Auger Only R.3. - Rock Sat C.W. - Core Water
H.A. - Hollow Auger S.S. - Slit Spoon C.A. - Core Air
W.I. - Wash Bore S.T. - Shelby Tutbe F.B. - Finger Sat

DEPTH PENETRATION RECORD >. SAMPLE DESCRIPTION

FRO TO X > I CLAY CONSISTENCY

x T 0.. i o COLOR-MATERIAL- MOISTURE-CAYONSITYO U 03 CU
__.1_ a Oj I C U

0.0 -1.0 ,WEI1 Ton soil
I 1.0 7.5 Dark brown silty clay, medium to stiff

7 .5 12.5 WB ____on silty clay, medium to soft

i Gray clay w/trace very fine sand, & weatherec
12.5 15.0 WB _ _ _ shale

. -- ifl n WE Shale. medium to soft

20.0 27.0 WB Same

17-n 'An n WGray silty clay, medium to stiff

30.0 35.0 WB Same

~ -Al.. n ~ Same

40.0 -a. WE Same

A _ 45- TAM.5 .L. Gray silty clay. Medium to soft

L45.5 50.0 WB Gray fine sand, trace medium sand

I..0 55.0 WEI Same

55.0 60.0 WB Same

1 30 - 69.0 [__ Gray fine sand, trace medium sand

(Cdn& Water Lou. Etc.) Water Level Time Oate

(Completiot

1w-WstrnComooan. C301



CO)NSTRUCTION OF WI,I elevations taken.

froms top of casing ElIev. 16aq
threaded cap and

male adapter

1 4' long steel
protective casing
with lockable cap

I weep hole

Elv
4" diameter, Class

1 160, PVC pipe

cement grout

bentonite seal

gravel pack\I1

5long Schedule 40

.010 PVC screen

* B-3

C-302



TEST BORING LOG

La Pits Rrm )mninji4inn B1,I oring No. 8-3 Sht 2 of

Surface Elevation 750.7 'Offset_______

Date Started 2/16/82 Completed - /88

tV6St:M7:I~nd*iApan. gb ou Driller T.Butler Rig n-i

Abbreviations: A.D. - Au9r Only R.B. - Rock lit C.W. - Core We
H.A. - Hallow Auger S.S. - Split Soon C.A. - Core Ai.W.U. - Wash Bore S.T. - Shjlby Tuba F.B. - FingerE

DEPTH __ PENETRATION RECORD > SAMPLE DESCRIPTION

6:ROM TO Z j 'U.- w COLOR-MATER IAL-MOISTURE-C~YCNSSEC

V c u SAND DENSITY

.5i.. 75.5 um ___I_____ __ Li~ht SrAv I imy qhaipf. hArci

755 77.0 WE ________ Limestone

(C*11,WO CM tc)Water Level Time Data

Dr 00 A1 -Zj=L2 (ComPde

neWetenCompan.nc.C30



TEST BORING LOG

PrjetLae MAvA My muifiin" Plant BaringNo. uR- Set

__________________________________ Surface Elevation 74;n 7~ Offut

______________________________ Date Started 2/16/82 Completed 2/17

I& State Tnpo~rn Mi n~uiDriller T. Butler Rig D-1

Abbreviations: A.D. - Auger OnlY R.S. - Rock Sit C.W. -
M.A. - 140110wwAuger S.S. - Spit Spoon C.A. -W.3. - Was0h Sot S.T. - Shelbv Tube F.SB.

DEPTH JPENETRATION RECORD SAMPLE DESCRIPTION

0 U.
FROM TO LZ I.w. ) COLOR-MATERIAL-MOSTURE-.~ CNIV I LU 0 SAND DENS17.U Z 0 (

0.5 8. Biakbrown silty clay, medium to soft

Gray silty clay, v/trace of weathered

WB .& trace fine sand. soft to medium

26.5 28.0 WB ___ ____ ___Gray clay, trace of fine sand, medium

28.0 34.0 WE __ ________ Gray clay, medium to soft

34.0 42.0 _________ Gray clay. medium to stiff

42.0 45.5 ______ ___Gray fine sand, trace of medium sand

4 5.5 50.0 WE ________ Sam

~ -S~n~ ________ _____Same

55.0 60.0 ______ Same

65.0 69. WD -Same_______________________

69.0 69.5 E

______ L___ ay shale, medium to hard

________ 5g4 5 B ht gray imy shale, medium to hard

61AR*WaligWaerLo, tc)Waer Level Time Date

her CalOmnA"A#



DRILLING LOG

* PROJECT W,/rerz . 1tc DATE eZY,

LOCATION DRILLERS L,-- ,

DRILL RIG BORE HOLE - 7
Pae 1 of 3

SAMPLE

F FEET
DEPTH DESCRIPTION REMARKS

-- -So((- F.,;V. 74.1. (6"
- SLItrL9 . SI L i. iCoy S rlr L4VC4.y.

• -- - 4LLoA 9 CL,'

2.o

'500.3b, MC-&LLV. -Te fta1LeC

C-305



DRILLING LOG

PROJECT -- *re'( ",'/'f DATE

LOCATION DRILLERS Lv,,je?- 4-4 ,

DRILL RIG BORE HOLE .
Page Z of 3

* SAMF LE
FEE I' I _

DEPTH DESCRIPTION REMARKS

C-306



DRILLING LOG

It PROJECT - Wdn -5d 't -W c-~ DATE Z /

LOC~ IONDRILLERS.

DRILL RIG BORE HOLE /(M
?age 3 of 3

SA14F L E

O;T ESCRIPTION REMARKS

OCAICoO S4-j '+PUL8,0104.

411

own~f

C-307



DRILLING LOG

PROJECT , 4A/#" LOSy Ve.. DATE 4114 /il
LOCATION DRILLERS / v&,.-

DRILL RIG BORE HOLE - 079)
plage / of 3

SAN LE

FEET
DEPTH DESCRIPTION REMARKS

8CL4tc oL EL..V. 739.1 '
srartic /-0rt. LeVel.

_ _ _ _ 'eLco C L*,., 1 I. 0'

03 n

C-308



I|

DRILLING LOG

O PROJECT . l' ,- , DATE 14,

LOCAT ION DRILLERS L*Au- -Wesre-*j

j-2 (/718)
DRILL RIG BORE HOLE

?ae Z of 3

SAMF LE

DEPTH DESCRIPTION REMARKS

.40.

cz.. -s o

0 o'

00 .. °o@

C-309



DRILLING LOG

* PROJECT -VJ Z ';7'e & DATE

LOCATION DRILLERS -L 'e'* ,,e"srcmaj

DRILL RIG BORE HOLE 0 078)
l/ag.e of..!

SAMF LE

FEET
DEPTH DESCRIPTION REMARKS

, *@ . . .

* * . se

* . * . .,

- -. . °ur~~ ~*~A

oo .... V{'ot I tO'-SDo

Tb-

Toe o P .rod °

-- C-310



DRILLING LOG

* PROJECT Warg-' 5,11111 f"",~~ DATE

LOCAT ION -DRILLERS 4, y r W

*DRILL RIG BORE HOLE fie
Pate I of 3

SAM F L.E

aFEET

DEPTH DESCRIPTION REMARKS
ZArcK. So~t,

4zi

L I0

C-311



DRILLING LOG

* PROJECT \A44r6% SwoPPy Wa DATE 1304

LOCAT ION DRILLERS lte

DRILL RIG BORE HOLE (/C

rate Zof 3
SAAF LE

*FEET
DEPTH DESCRIPTION4 REMARKS

srag % b I ACi

C-312



DRILLING LOG

awl PROJECT -l/,rv-z S . W,-L DATE
LOCATION DRILLERS

DRILL RIG BORE HOLE #3 (/7C)

Page 3 of .3

SAMFLE

'FEET

DEPTH DESCRIPTION REMARKS

-70 CoARSE --kA)b . GhL..

dMe

So 12. o ° .

0 - . S A

C-313



DRILLING LOG

PROJECT -klri Sut-" . DATE ,//-

LOCATION DRILLERS --,y,- -Z16Sred

DRILL RIG BORE HOLE 'l' ('7D)

SA1F LE g of

*FEET
DEPTH DESCRIPTION REMARKS

S -.. rLll %i, r c,,,4-4) ELC;V. 174.3'

-- I L 7 --Ia. 3'

- . __368 left

FIA.3C CLAIb

C-314



DRILLING LOG

* PROJECT ,,, , -,.,. DATE - -"/

LOCATION DRILLERS

DRILL RIG BORE HOLE r4 076)
lPage Z of

SAM F LE

FEET
DEPTH DESCRIPTION REMARKS

30

4. -

,.,o*.. .,_- -.

OC 10.20,

C.O.o 15• , .315

° °



DRILLING LOG

* PROJECT W r ''- DATE

LOCAT ION DRILLERS YXe- 6Je~rCgJ

DRILL RIG BORE HOLE 7
page . of 4

SAMF LE

*FEET
DEPTH _____DESCRIPTION REMIARKS

* 70

C-316



DRILLING LOG

* PROJECT -~~Spe, J DATE ,

LOCAT ION DR ILLE RS ~ ~

DRILL RIG BORE HOLE C()
_______________________Page 4'$of V-7

SAMPFLE

FEET
IDEPTH DESCRIPTION R EMAR KS

2 S'O, /8* cr4r' L6:SS

lop PeLU .- r-rz ScgeAJ

77



DRILLING LOG

PROJECT W- r', ..",/' ,- - DATE

LOCAl ION DRILLERS - " '

DRILL RIG BORE HOLE "
Page l of ,3

SAIIF LE

FEET
DEPTH DESCRIPTION REMARKS

. / c 7'--"

7,eo 4------ r A

,/2 7 p'

C- 3

C-318



DRILLING LOG

* PROJECT J'7r7 .,PLY 1/JeLL DATE
LOCAl ION DRILLERS -.

DRILL RIG BORE HOLE
_Page Z of

SAM F LE

*FEET
DEPTH DESCRIPTION REMARKS

..- ~ ~ ~~ ~L A'. .". q(%,

Fw A .sibo

L• 
6

C-319

" _______- C 'l mn mm L A numm



DRILLING LOG

PROJECT V 476 Su Y 4 A- DATE <"/s//,

LOCATION. DRILLER .L,

DRILL RIG BORE O.)LE
Page of's t

SA4F LE

FEET
DEPTH DESCRIPTION R ] XS

70

... _ _ _ _ __ _ _ _ _ _

COI .... SA.03b (-{0:'C , ;, OF ISu- 'sJ:-S

IL
.... TTo, .. I L -7g

C-320



DRILLING LOG

PROJECT , Wreg $'604' "' - DATE - T/6//

LOCAT ION DRILLERS Zy, rF-

DRILL RIG BORE HOLE 7
page / of3

SAMF LE

FEET
DEPTH DESCRIPTION REMARKS

?4.A~k Sct. 2gv 737o'_____ C .', i,~.-v

9.0'

C-328 91"i
* /_ 0..$'VD ,JO.4J

4 --- - _ . . .'"

01,.
.... o1



DRILLING LOG

* PROJECT Wr7. , -,DATE

LOCAT ION DRILLERS -4V &-. &A 00

DRILL RIG BORE HOLE 7 (/76)
toe Zof j

SAI4F LE

FEET
DEPTH DESCRIPTION REMARKS

., - . . .

. . oa ro4aSE

Si -°7

C-322



I

DRILLING LOG

PROJECT w' _ DATE - ,...

LOCAT ION DRILLERS ,

DRILL RIG BORE HOLE -' c"'J _
?age ,3 o.

SA4F LE

DEPTH DESCRIPTION REMARKS

- -sIe00

*L( 1 .

...... ZS'OF I " $r,rJLts1

To OF g( 7

C-323



DRILLING LOG

PROJECT ,, Ml ,, u DATE
LOCATION DRILLERS

DRILL RIG ., BORE HOLE ,Date 
ot3

SAMF LE

*FEETDFPTh DESCRIPTION R EMJ- RKS

DET

--- q1-. S

-~~~ .v7,,jl g 4', rAt.g.,CA

_. 54^ 4 CL -

C-324



DRILLING LOG

PROJECT grgg O~ kC DATE //-V

LOCATION DRILLERS.

DRILL RIG BORE HOLE
* ?lage2 of 3

SAIF LE

SFE ET

DEPTH DESCRIPTION R EMAR KS

INAL-& IU A TO K S#9*165q

ow

-7 M~r C.oalf~ S#D.jb

C-325



DRILLING LOG

PROJECT WrT , ",.,, DATE

LOCA1ION DRILLERS

DRILL RIG BORE HOLE (/7.)
rate z' ot

SAMF LE

• FEET
DEPTH DESCRIPTION REMARKS

4.°

70 **

@ 000 0

- * ~~O*fZStf 5 ao4 S 7 ui)d

s ri .AA jrre X &ATc-rAJ

Sor

* -* -. 4 r F. S4.jb H'b 9 '

Toe o.

C-326



DRILLING LOG

PROJECT '&''' DATE /
W LOCATION DRILLERS ','-

DRILL RIG BORE HOLE / C/7/,C)
page / of 3

SAIIF LE

FEET
DEPTH DESCRIPTION REMARKS

- ., 53,1L-z/cv'

_. -- so d-, 7 C50yyj

O jbc-'.

' .*" T,,,e M5,w, ' 0

3. - -

C-3 rile

C-327



DRILLING LOG

PROJECT . S'#, , DATE /S/zb/9,,

LOCATION DRILLERS *'" . - r '-/e 'j

DRILL RIG BORE HOLE 4€--/0 07
?age Zo'f

SAMPLE

FEETDEPTH DESCRIPTION REMARKS

o 0 

S

oo -

C-328



DRILLING LOG

PROJECT '-,," DATE

LOCATION DRILLERS YA'4-- E.-a

DRILL RIG BORE HOLE / (/?k)

SA-1 F L E

*FEET
DEPTH DESCRIPTION REMARKS

cocoo MoL o~~*

/0 0 '

To•r P• - o l" S

C-329



DRILLING LO6

* PROJECT W/ir -, .d ,p 4, DATE

LOCATION DRILLERS .,v, &k,/ ,

DRILL RIG BORE HOLE # (!7F)
Page / of 3

SAF LE

FEET
DEPTH DESCRIPTION REMARKS

8LAC r- 50 L

Gkp CL41

9.o'

." ."," 2F,. jc -

C-330

..... .



DRILLING LOG

* PROJECT , J5-AOY D(u.. DATE

LOCATION DRILLERS Il /SreW A-

DRILL RIG BORE HOLE -
page eoes

(- SA1 LE

DEPTH DESCRIPTION REXtAR KS

,.• o

*

~O~L~CL,

C-331



DRILLING LOG

PROJECT SU'm'z ,14- y t.U.L DATE
LOCATION DRILLERS

DRILL RIG - BORE HOLE 0-g (17F)
?SOa 3 of.JT

SA14F LE

FEET
DEPTH DESCRIPTION REMARKS

6oo

.... ~ ZSF 8rJtS

.... 7L'4 ,. 6'U' ?T-2 £Ci- J

-- . ... ," : a::,u .8Z.z'"

- . . Q°2S ~ ~ e

.L--A
Ac

C-332



DRILLING LOG

PROJECT - DATE

LOCATION DRILLERS Z ,Y.i-

DRILL RIG BORE HOLE , (/ 7j)

lat* ) of3
SAMF LE

FEET
DEPTH DESCRIPTION REMARKS

c:- 1)cJ I ., C '.c-v. '714(/.0'

100'

I0 _ L__9

C-333



DRILLING LOG

PROJECT -$ "rL ,.,te 1&7. DATE

LOCATION DRILLERS -

DRILL RIG BORE HOLE
Page _. of

SAIF LE

DEPTH DESCRIPTIOi REMARKS I
3C

'/ -. .o

* .. . . . S4 .

* T. i. ,u* ,1 v~

'a ~44~kq• 4 a.

0 °"

° • C 334



DRILLING LOG

PROJECT '1r7 Wi-e(- DATE -----------

LOCATION DRILLERS

DRILL RIG BORE HOLE
* __ ___ ____ ____ ____ ____ __page Z of..

SAMF LE

FEET
*DEPTH DESCRIPTION REM'ARKS

2 5"'oc /8"

C-335



APPENDIX D

GEOTECIWICAL DATA
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GRAIIN SIZE ANALYSIS

Percent Coamer by Weight
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GRAIN SIZE ANALYSIS

Percent Coarser by Weight
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GRAIN SIZE ANALYSIS

Percent Coarser by Weight
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GRAIN SIZE ANALYSIS

Percent Coarser by Weight
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GRAIN SIZE ANALYSIS

Percent Coarser by Weight
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GRAIN SIZE ANALYSIS r.

Percent Coarser by Weight
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GRAIN SIZE ANALYSIS

Percent Coarser by Weight

_ 2 ~ 2 2cn

0 . 01

z Z

w I-

Scn

Z £0

wc

00 -

- w

-J

IL

12 cn

:jqi9M Aq jeut 0uO~

D-64

LAYNE WE.STERN COMPANY, INC.--



GRAIN SIZE ANALYSIS
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GRAIN SIZE ANALYSIS

0
Percent Coarser by Weight

o 828<

j
o --

0

I

C)

.-- -_ .
0 0

z z

f.L
-Vo

0 Z Z

- - . - - ----- z Z "=

. - . _

CrC

LU 0

.. . .. 0 o

Cn (n :=

1 ....- : "'

uJ
* LU

-U <S 7

:tI L

-LAYN WESTERN COP - *-- ---

... .. . .. .. . ... -. ....

--

|q~eM q e~tl ue3ed . -w (

~ ~-.- ----- -----

.. .. A N£E T R O P N ,IC



GRAIN SIZE ANALYSIS 4
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PERMEABILITY TEST

Job Name: Lake City Army Ammunition Plant

Well No: MW 2-7 Sample No: ST1 Depth: 10.0-11.5,

Description: Gray brown silty clay w/iron & dark stains & nodules,

firm

Moisture Content: 27.7

Wet Unit Weight: 124.7

Dry Unit Weight: 97.7

Permeability Coefficient for this sample: 3.11 X 10-9 cm/sec.
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PERMEABILITY TEST

Job Name: Lake City Army Ammunition Plant

Well No: MW 2-6 Sample No: STI Depth: 14.5-16.0'

Description: Gray brown silty clay w/iron stains, firm

a

Moisture Content: 27.9

Wet Unit Weight: 125.7

Dry Unit Weight: 98.3

Permeability Coefficient for this sample: 4.14 X 10-8 cm/sec.
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PERMEABILITY TEST

Job Name: Lake City Army Ammunition Plant

Well No: KW 2-5 Sample No: ST1 Depth: 9.5-11.0'

Description: Gray brown silty clay w/iron stains, firm

Moisture Content: 27.8

Wet Unit Weight: 124.2

Dry Unit Weight: 97.2

5.23X 1-8 /s.

Permeability Coefficient for this sample: 5.23 X 10 cm/sec.
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PERMEABILITY TEST

job Name: Lake City Army Ammunition Plant

well No: MW2-1 Sample No: ST1 Depth: 10-11.5

Description: Very stiff, gxxx hrwn lltg rlay, with ,rnn

stains and nodules.

Moisture Content: 25.0

Wet Unit Weight: 125.1

Dry Unit Weight: 100.1

Permeability Coefficient for this sample: s.s2 in- 8 eA/IeeE--

This permeability coefficient indicates a nearly impermeable
material.
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PERMEABILITY TEST

Job Name: Lake City Army Ammnunition Plant

Well No: MW 1-10 Sample No: STi Depth:_15.0-16.5'

Description: Gray brown-silty clay w/iron &dark nodules, firm

Moisture Content: 27.8

Wet Unit Weight: 124.5

Dry Unit Weight: 97.4____________________

Permeability Coeffi'1 ~nt for this sample: 6.06 X 10-8 cm/sec.

.D-72

LAYNE WESTERN COMPANY, INC.-



PERMEABILITY TEST

Job Name: Lake City Army Ammunition Plant

Well No: MW 1-9 Sample No: STI Depth: 9.5-11.0'

Doscription: Gray brown silty clay w/iron nodules & stains, firm

Moisture Content: 25.4

Wet Unit Weight: 127.7

Dry Unit Weight: 101.8

Permeability Coefficient for this sample: 9.60 X 10-9 cm/sec.
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PERMEABILITY TEST

Job Name: Lake City Army Ammunition Plant

Well No: MW 1-8 Sample No: ST2 Depth: 19.5-21.0'

Description: Brown w/trace gray silty clay w/iron stains, firm

Moisture Content: 31.1

Wet Unit Weight: 118.7

Dry Unit Weight: 90.6

Permeability Coefficient for this sample: 2.01 X 10- 7 cm/sec.
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PERMEABILITY TEST

Job Name: Lake City Army Ammunition Plant

Well No: MW 1-7 Sample No: ST1 Depth: 9.5-11.0'

Description: Gray brown silty clay w/trace gravel, iron nodules

& stains, very stiff

Moisture Content: 24.5

Wet Unit Weight: 126.6

Dry Unit Weight: 101.7

Permeability Coefficient for this sample: 2.78 X 10-9 cm/sec.
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PERMEABILITY TEST

Job Name: Lake City Army Ammunition Plant

Well No: 11W 1-6 Sample No: ST1 Depth: 4.5-6.0'

Description: Gray brown silty clay, iron stain & nodules, firm

Moisture Content: 26.6

Wet Unit Weight: 124.3

Dry Unit Weight: 98.1

Permeability Coefficient for this sample: 7.64 X 10-9 cm/sec.
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PERMEABILITY TEST

Job Name: Lake City Army Ammunition Plant

Well No: MW 10-5 Sample No: ST1 Depth: 24.5-26.0'

Description: Olive brown shaly clay, very stiff

Moisture Content: 22.4

Wet Unit Weight: 129.1

Dry Unit Weight: 105.5

Permeability Coefficient for this sample: 1.61 X 10- 7 cm/sec.
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PERMEABILITY TEST

Job Name: Lake Citj Army Ammunition-plant

Well No: MW 9-3 Sample No: Bag #1 Depth: 33'-44'

Description: Gray fine to medium sand with trace of silt.

Moisture Content:_________________________

Wet Unit Weight:________________ _______

Dry Unit Weight:_______________ _______

Permeability Coefficient for this sample: 1.1 x 10- cm/sec.

This permeability coefficient for this sample indicates a
medium degree of permeability.
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PERMEABILITY TEST

Job Name: Lake City Army Ammunition Plant

Well No: MW 9-2 Sample No: Baz #1 Depth: 32.5'-40.0'

Description: Gray silty fine to medium sand

Moisture Content:

Wet Unit Weight:

Dry Unit Weight:

Permeability Coefficient for this sample: 9.0 x 10- 3 cm/sec.

This permeabilty coefficient indicates a medium degree of
permeability for this sample.
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GRAIN SIZE ANALYSIS

Percent Coarser by Weihto 2 8. °  8 8 ..'
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GRAIN SIZE ANALYSIS

Percent Camw by Weight
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GRAIN SIZE ANALYSIS

Pecsnt Coarew by Woogt
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GRAIN SULk ANALYSIS

Percent Coarwe by "e~ht
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PRODUCTION WELL PUMP RATE DATA
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SHEET L of

CLIENT/SUBJECT Air FvOce /PLv 1,es4 W e 'm W.O. NO. 22 g'- Os'- io

TASK DESCRIPTION ? mOL k-- ,.'%'o e''. ;,'kVi,"L ,!(A"-( roS. TASK NO. 003o

PREPARED BY R. 6rc DEPT 15355 DATE___________ APPROVED BY

MATH CHECK BY DEPT DATE _

METHOD REV. BY DEPT DATE DEPT - DATE

A (TAA -7A

73B 3B

17PD 433

17 E

F 17£E 5S

17F 150

K '755 44Z
L Ilk 267

(vi 17 kK--27

At - zQf2~i~~5,/6o~O /be

- Pw,.p no rv.•

D-85
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SHEEL2.. of.2..

CLIENT/SUBJECT. A "r F;y(C pm T, ba- Reu W.0. NO. 22OS- Os--)O

TASK DESCRIPTION hIOl~cO-C -6o es4;.an.4 i5d' NMAM W TASK NO.- 003 0

PREPAREDBY_ DEP WS DATE 4W938 APPROVED BY

MATH CHECK BY_____ DEPT_____ DATE

METHOD REV. BY _______DEPT-_____ DATE______ DEPT _____DATE

D ~~ ~ t43Y, 3 cr 5 0 h
D +F +-m BoO, OO hr =- 4,3 5p r"

A + p i-L LS2pm ('0)cothr=1005pr

5+D4 + M1h" (3 2 >3 5prt

'6+D V-+ m o 95 hr. -z 4 (7 5 +,.r, * k 442 pjrvi

:.A 4- D 1 + C - '1~ i3 5

M 14-3 3-OD-F z 2?2 * m 2 9 2~
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APPENDIX E

EQUATIONS USED FOR ANALYSIS OF

PUMPING TEST DATA



Barometric Efficiency (BE)

BE = wd
dPa where

w = unit weight of water
dh = change in head
dPa = change in atmospheric pressure

Relationship of Aauifer Storage_(S) to BE

s = nw where,
BE

n = porosity
0 = aquifer compressibility
P, = density of water
g = gravitational constant

Eguations for calculating acuifer characteristics for a leaky
system with release from storage from the aquitard layer and
partially penetrating wells (Hantush, 1964; Walton 1979).

s = Q W(u,T)+W(_ V p 1l,d',y) where,
4rT m

s = drawdown (ft).
T = transmissivity
Q = discharge
W(u,T) = well function for a

leaky confined aquifer
W(r/m Vp:l/h) = well function correction

for a leaky confined aquifer with
partially penetrating wells having
no storage capacity and long
pumping periods.

r = radial distance from the pumping well
to the observation well (ft.)

m = aquifer thickness
PV = vertical permability of aquifer
P k = horizontal permeability of aquifer
l,d',y" = define geometry of production well

and observation wells relative.
s = where,

1.87 r'
u = dimensionless parameter of the

well function exponential
defined through curve matching.

t = time (days)
T = transmissivity (gpd/ft)

E-1



APPENDIX F

6 STATISTICAL BACKGROUND VALUES



Calculation of statistical significance of individual parameter daca with

average background data using Cochran's Approximation to the Behrens-Fisher

students' c-test as adapted from 40CFR Part 264, Appendix IV.

Calculate the mean (15) and variance (S23 ) for background data.

For the monitoring date, the analytical result constitutes the value

(Vm), and its variance (S2m ) will be zero.

This data is used to calculate a c-statistic (t*), and a comparison

t-statistic (tc).

The value of t* is calculated as follows:

'V(S311+S2,/

If the value of Ct is negative (XB > Vm), then there can be no

significant increase, since the background is greater than the monitoring

point.

If the value of tt is positive (V, > XB) then the t value must be

calculated for comparison:

t cS 3 (S~g ) * (S2,/Nm) (ti)

(S (S2 itINM)

Since the monuicoring value variance (S.2) is zero, the formula

reduces to:

F-1



If the value of C* is equal to or larger than tc, then there moet

likely has been a significant increase for the parameter.

If the value of t* is less than Cc, then there most likely has not been

a sigfnificCt increase for the parameter.

The use of zero variance for the monitoring value is rather conservative,

since no allovance for analytical variability is considered.

However, this conservative approach may be justified under these

circumstafnces.
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TABLE E Stuaent r Disribution

The following table provides rhe .alues of t, that correspond to a given upper-tall
area 2 and a speied numoer of degrees of freedom.

Devims Upper-Tail Area aof
Freedom .4 .235 .1 05 .025 .01 .005 0025 .00t 000S

1 0.325 1.000 30"S 6.314 11.06 31.3.1 63 657 127.32 31:.31 636.62
2 .239 Q.J16 I 886 2.920 4.303 6.965 9.925 14.089 22.327 31.598
3 .277 .765 1.638 2.353 3.132 4.541 3.341 7453 10.214 12.924
4 .271 .741 1.533 2.132 2.776 3.747 4.604 5.593 7.173 3.610

S 0.-:67 .3.".7 1.476 2.015 :.5i1 3.365 4.032 4.773 5 593 6.369
S .265 .718 1.440 1.943 2.447 3.143 3.?07 4.317 5.208 5.959
7 .263 .711 1.415 1.895 2.365 2.993 3.499 4.029 4.785 5.408
8 .. 62 .706 t.397 1.860 2.306 2.896 3.355 3.833 4.501 5.041
9 .. 61 .703 1.383 1.533 2.262 2.21 3.Z.50 3.690 4.:97 4.731

10 0.260 0.700 1.372 1.812 2.228 2.764 3.169 3.581 4 14 4.57
11 .260 .697 1.363 1.796 2.201 2.718 3..06 3.497 ,S.025 4.437
12 .259 .695 1.356 I.732 2.179 2.611 3.055 3.423 3.930 4.318
13 .259 .694 1.350 1.771 2.160 .650 3.012 3.372 3.852 4221
14 .2518 .692 I.J43 1.761 2.141 2.624 .977 3.32.6 3.737 t.14

is 0.258 0.691 1.341 1.753 2.131 2.602 2.947 3.236 3.733 4073
16 2.53 .690 1.337 1.746 2.120 2.5313 2.921 3.252 3.686 4015
17 2.57 .689 1.333 1.740 2.110 2.567 2.598 3.22 3.646 3.965
18 .257 .688 1.330 1.734 2.101 2.552 2.171 3.197 3.610 3.922
19 .27 .61 1.328 1.729 2.093 2.539 2.$61 3.174 3.579 3.833

20 0.2V 0.67 1.32.5 1.25 2.086 2.523 L845 3.153 3.552 3.350
21 .257 .686 tJ223 1.721 2.030 2.18 2.131 3.135 3.327 3.319
23 .254 4 1.321 1.717 2.074 2.503 2.819 3.119 3.505 3.792
23 .56 ."S 1.319 1.714 2.069 2.500 2.107 3.104 3.485 3.1167
24 .254 .161 1.31 1.711 2.064 2.492 2.797 3.091 3.467 3.743
25 0.5 0.684 1.316 1.708 2.060 2.4815 2.717 3.071 3.450 3.725
26 .216 .64 1.313 1.70 2.056 2.479 2.779 3.067 3.435 3.707
27 .4% .64 1.314 1.,703 2.052 2.473 2.771 3.057 3.421 3.690
28 .21 .61 1.313 1.701 2.041 2.467 2.763 3.047 3.408 3.674
is am,4 .683 till 1.69 2.045 2.462 .756 3.034 3.39 3.659
3 0.16 0.6"3 1.310 1.697 2.042 2.57 .750 3.030 3.383 3.644
4 .25S ."11 1.303 1.684 2.021 2.423 2.704 2.971 3.307 3.551
G0 .254 .679 1.296 1.671 2.000 2.390 2.660 2.91, 3.232 3.40

1.n .254 .677 1.289 1.651 1.980 2.131 2.617 2.360 3.160 3.373
0 .as3 .674 1.282 1.641 I.40 L.326 2.1?6 2.807 3.090 3._91

gOumc: ILS. Peion and 14.0. Harley. h/emkh Tebhite, Stmnicrteou. VoL 1. London: Cambnde University
PtMu. M4. P Y delIud freM Table It or FisIer and Yates. Smnua'icu Te ables fr 8ilDriS cl. .4rprCulwal and
Medirl Rew lt, publishe by Longnmn Group Ltd.. London (prinously publishhd by Oliver A 9oyd. Edin.
b ,13. MU43. Reproed with t pa aMon of0 the author% a34 publIaSM'e.
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APPENDIX G

CHEMICAL DATA



The LCAAP Level Three chemical data will be submitted at a later
date as a separate addendum to this RI.
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APPENDIX H

TOXICITY SUMMARIES

Antimony

Antimony was detected in the monitoring well within the production well

capture zone, Area 1, 2, 4. 5, 8, and 17 groundwater wells, in surface water

in the Area 13 drainage ditch, the pond, and Ditch B, and in subsurface soil

in Area 15.

Antimony is a metal which occurs both in the trivalent and pentavalent

oxidation states (EPA 1980). Absorption of this metal via oral and inhalation

routes of exposure is low (EPA 1980). Humans and animals exposed acutely

orally or through inhalation to either trivalent or pentavalent forms of

antimony displayed electrocardiogram (ECG) changes and myocardial lesions (EPA

1980). Pneumoconiosis has been observed in humans exposed by acute inhalation

and dermatitis has occurred in individuals exposed either orally or dermally.

Oral administration of therapeutic doses in humans has been associated with

nausea, vomiting, and hepatic necrosis (EPA 1980). Chronic exposure by

inhalation of antimony has lead to respiratory effects including microphage

proliferation and activity, fibrosis and pneumonia in animals (EPA 1980). A

single report (Balyeava 1967) noted an increase in spontaneous abortions,

premature births, and gynecological problems in 318 female workers exposed to

a mixture of antimony metal, antimony trioxide, and antimony pentasulfide

dusts.

EPA (1988) derived an oral RfD of 4x10 - mg/kg/day for antimony based on a

chronic oral study (Schroeder et al. 1970) in which rats given the metal in

drinking water had altered blood glucose and blood cholesterol levels and

decreased lifespan. By using an uncertainty factor of 1,000, a LOAEL of

0.35 mg/kg/day was uied to derive the oral RfD.



Arsenic

Arsenic was detected in groundwater in the production wells, the monitoring

well within the production well capture zone, and Area 1, 2, 3, 4, 5. 6. 7. 8,

16, and 17 wells and in surface water in the pond and Ditch B. It was aIso

detected in sediments in the Area 13 and 16 drainage ditches, the Area 16

leachate seep, Ditch B, and the big ditch. In surface soils, arsenic was

detected in Area 9 and 13 and in subsurface soils in Area 8, 14, and 15.

Both inorganic and organic forms of arsenic are readily absorbed via the oral

and inhalation routes. Soluble forms are more readily absorbed than the

insoluble forms (EPA 1984). Approximately 95% of soluble inorganic arsenic

administered to rats is absorbed from the gastrointestinal tract (Coulson et

al. 1935, Ray-Bettley and O'Shea 1975). Approximately 70%-.80% of arsenic

deposited in the respiratory tract of humans has been shown to be absorbed

(Holland et al. 1959). Dermal absorption is not significant (EPA 1984).

Acute exposure of humans to metalic arsenic has been associated with

gastrointestinal effects. hemolysis, and neuropathy (EPA 1984). Chronic

exposure of humans to this metal can produce toxic effects on both the

peripheral and central nervous systems, keratosis, hyperpigmentation,

precancerous dermal lesions, and cardiovascular damage (EPA 1984). Arsenic is

embryotoxic, fetotoxic, and teratogenic in several animals species (EPA 1984).

Arsenic is a known human carcinogen. Epidemiological studies of workers in

smelters and in plants manufacturing arsenical pesticides have shown that

inhalation of arsenic is strongly associated with lung cancer and perhaps with

hepatic angiosarcoma (EPA 1984). Ingestion of arsenic has been linked to a

form of skin cancer and more recently to bladder, liver, and lung cancer

(Tseng 1977, Tseng et al. 1968, Chen et al. 1986).

EPA has classified arsenic in Group A--Human Carcinogen--and has developed

inhalation (EPA 1988a) and (1988b) oral cancer potency factors of 50

(mg/kg/day)- , and 1.75 (mg/kg/day)-', respectively. The inhalation potency

factor is the geometric mean value of potency factors derived from four
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occupational exposure studies on two different exposure populations (EPA

1984). The oral cancer potency factor was based on an epidemiological study

in Taiwan which indicated an increased incidence of skin cancer in individuals

exposed to arsenic in drinking water (Tseng 1977). EPA (1988b) has reported

an oral reference dose (RfD) of Ix10-3 mg/kg/day based on the study by Tseng

(1977) in which blackfoot disease was observed in humans exposed to arsenic in

their drinking water. An uncertainty factor of I was used to develop the RfD.

The EPA is currently reviewing the oral RfD (EPA 1988a).

Barium

Barium was detected in the monitoring well within the production well capture

zone and Area 6 groundwater wells.

Adverse effects in humans fallowing oral exposure to soluble barium compounds

include gastroenteritis, muscular paralysis, hypertension, ventricular

fibrillation, and central nervous system damage (EPA 1984, Perry et al. 1983).

Inhalation of barium sulfate or barium carbonate in occupationally exposed

workers has been associated with baritosis, a benign pneumoconiosis (Goyer

1986). Experimental animals exposed chronically to barium in drinking water

developed increased blood pressure (EPA 1984). Inhalation of barium carbonate

dust by experimental animals has been associated with reduced sperm count,

increased fetal mortality, and atresia of the ovarian follicles (EPA 1984

Tarasenko et al. 1977).

EPA (1988) derived an oral reference dose (RfD) based on a chronic rat study

in which a lowest-observed-adverse-effect level (LOAEL) for increased blood

pressure was observed (Perry et al. 1983). Using the LOAEL of 5.1 mg/kg/day

and an uncertainty factor of 100, an oral RfD of 5xlO 2 mg/kg/day was

calculated. EPA (1989) has also developed an inhalation RfD of

1.4xlO M mg/kg/uay for barium based on a study by Tarasenko et al. (1977). In

this study rats were exposed to barium carbonate dust at airborne

concentrations of up to 5.2 mg/m3 for 4-6 months. Adverse effects noted at
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this concentration incluaed decreased body weight, alterations in liver

function, and increased fetal mortality. An uncertainty factor of 1,000 was

used in developing the RfD.

Benzene

Benzene was detected in groundwater in the production wells, the monitoring

well within the production well capture zone, Area 16, and Area 17. In

surface water, it was detected in Area 16 and in the big ditch. It was not

detected in sediments or soils.

Benzene is readily absorbed following oral and inhalation exposure (EPA 1985).

The toxic effects of benzene in humans and other animals following exposure by

inhalation include central nervous system effects, hematological effects, and

immune system depression. In humans, acute exposures to high concentrations

of benzene vapors has been associated with dizziness, nausea, vomiting,

headache, drowsiaess, narcosis, coma, and death (NAS 1976). Chronic exposure

to benzene vapors can produce reduced leukocyte, platelet, and red blood cell

counts (EPA 1985). Benzene induced both solid tumors and leukemias in rats

exposed by gavage (Maltoni et al. 1985). Many studies have also described a

causal relationship between exposure to benzene by inhalation (either alone or

in combination with other chemicals) and leukemia in humans (IARC 1982).

Applying EPA's criteria for evaluating the overall evidence of carcinogenicity

to humans, benzene is classified in Group A (Human Carcinogen) based on

adequate evidence of carcinogenicity from epidemiological studies. EPA (1988)

derived both an oral and an inhalation cancer potency factor for benzene of

2.9xi0 -2 (mg/kg/day)"l. This value was based on several studies in which

increased incidences of nonlymphocytic leukemia were observed in humans

occupationally exposed to benzene principally by inhalation (Rinsky 1981, Ott

1978, Wong 1983). EPA is currently reviewing an oral RfD for benzene and its

status is pending.
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Beryllium

Beryllium was detected in all groundwater wells except the residential well

and Area 9 through 14 wells. It was also detected in surface water in the

Area 16 leachate seep, in sedimdnts in the Area 16 leachate seep and drainage

ditch, ditch B, and the big ditch, in Area 9 surface soil, and in Area 8 and

15 subsurface soil.

Beryllium is not readily absorbed by any route of exposure. Occupational

exposure to beryllium results in bone, liver and kidney disposition (EPA

1986). In humans, acute respiratory effects due to beryllium exposure include

rhinitis, pharyngitis, tracheobronchitis, and acute pneumonitis. Dermal

exposure to soluble beryllium compounds can cause contact dermatitis,

ulceration and granulomas (Hammond and Beliles 1980). Ocular effects include

conjunctivitis and corneal ulceration from splash burns. The most common

clinical symptom caused by chronic beryllium exposure is granulomatous lung

inflammation (IARC 1980, EPA 1986). Chronic skin lesions sometimes appear

after a long latent period in conjunction with the pulmonary effects.

Systemic effects from beryllium exposure may include right heart enlargement

with accompanying cardiac failure, liver and spleen enlargement, cyanosis,

digital clubbing, and kidney stone development (EPA 1986). Beryllium has been

shown to be carcinogenic in experimental animals resulting primarily in lung

and/or bone tumors when given by injection, intratracheal administration, or

inhalation (EPA 1986). Several epidemiological studies have suggested that

occupational exposure to beryllium may reiult in an increased lung cancer risk

although the data are inconclusive (EPA 1986).

Beryllium has been classified by EPA in Group B2--Probable Human Carcinogen

based on increased incidences of lung cancer and osteosarcomas in animals (EPA

1988). EPA (1988) has calculated an inhalation cancer potency factor of 8.4

(mg/kg/day)"l based on the relative risk for lung cancer, estimated from an

epidemiological study by Wagoner et al. (1980). EPA (1988) has also developed

an oral reference dose (RfD) for beryllium of 5.0 x 10-3 mg/kg/day based on a
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study by Schroeder and Mitchner (1975) in which rats exposed to 0.54 mg/kg/day

beryllium sulfate (the highest dose tested) in drinking water for a lifetime

did not exhibit adverse effects; an uncertainty factor of 100 was used to

develop the RfD.

Bis(2-ethylhexyl)Rhthalate

Bis(2-ethylhexyl)phthalate was detected in all groundwater wells except the

production wells, the residential well, and Area 12 wells. It was also

detected in surface water samples in Area 16 and in Ditch B.

Bis(2-ethylhexyl)phthalate, also known as di-ethylhexyl phthalate (DEHP), is

readily absorbed following oral or inhalation exposure (EPA 1980). Chronic

exposure to relatively high concentrations of DEHP in the diet can cause

retardation of growth and increased liver and kidney weights in laboratory

animals (NTP 1982, EPA 1980). Reduced fetal weight and increased number of

resorptions have been observed in rats exposed orally to DEHP (EPA 1980).

DEHP is reported to be carcinogenic in rats and mice, causing increased

incidences of hepatocellular carcinomas or neoplastic nodules following oral

administration (NTP 1982).

DEHP has been classified in Group B2--Probable Human Carcinogen (EPA 1986).

EPA (1988) calculated an oral cancer potency factor for DEHP of 1.4x10
2

-i
(mg/kg/day) based on data from the NTP (1982) study. EPA has recommended an

oral reference dose (RfD) for DEHP of 0.02 mg/kg/day based on a study by

Carpenter et al. (1953) in which increased liver weight was observed in female

guinea pigs exposed to 19 mg/kg bw/day in the diet for I year (EPA 1988); an

uncertainty factor of 1,000 was used to develop the RfD.

Cadmi

Cadmium was detected in the monitoring well within the production well capture

zone, Area 2, 4, 5, 8, 9, 10, 11 and 14 groundwater well, in sediments in the
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Area 13 and 16 drainage ditches, ditch B, and the big ditch, in Area 9 surface

soils, and in Area 8, 14 and 15 subsurface soils.

Gastrointestinal absorption of cadmium in humans ranges from 5-6% (EPA 1985a).

Pulmonary absorption of cadmium in humans is reported to range from 10% to 50%

(CDHS 1986). Cadmium bioaccumulates in humans, particularly in the kidney and

liver (EPA 1985a,b). Chronic oral or inhalation exposure of humans to cadmium

has been associated with renal dysfunction, itai-itai disease (bone damage),

hypertension, anemia, endocrine alterations, and immunosuppression. Renal

toxicity occurs in humans at a renal cortex concentration of cadmium of

200 ug/g (EPA 1985b). Epidemiological studies have demonstrated a strong

association between inhalation exposure to cadmium and cancers of the lungs,

kidney, and prostate (EPA 1985b, Thun et al. 1985). In experimental animals,

cadmium induces injection-site sarcomas and testicular tumors. When

administered by inhalation, cadmium chloride is a potent pulmonary carcinogen

in rats. Cadmium is a well-documented animal teratogen (EPA 1985b).

EPA (1988, 1989) classified cadmium as a Group Bi agent (Probable Human

Carcinogen) by inhalation. This classification applies to agents for which

there is limited evidence of carcinogenicity in humans from epidemiologic

studies. EPA (1989) derived an inhalation cancer potency factor of 6.1

(mg/kg/day)-l for cadmium based on epidemiologic studies in which respiratory

tract tumors were observed (Thun et al. 1985, EPA 1985b). Using renal

toxicity as an endpoint, and a safety factor of 10, EPA (1980, 1987, 1988) has

derived two separate oral reference doses (RfD). The RfD associated with oral

exposure to drinking water is 5x10-4 mg/kg/day, and is based upon the lowest-

observed-adverse-effect level (LOAEL) of 0.005 mg/kg in humans (Friberg et

al. 1974). The RfD associated with exposure to cadmium in food or other

nonaqueous oral exposures is ix10 3 mg/kg/day.
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P
Carbon Tetrachloride

Carbon tetrachloride (CCI) is readily absorbed following oral and inhalation

exposure. About 60% of an oral dose was absorbed by 6 hours, and up to 86%

was absorbed by 24 hours. Absorption from the lung has been estimated at

about 30% (EPA 1984). CC1. , like many other chlorinated hydrocarbons, acts as

a central nervous system depressant (ACGIH 1986). The toxic effects of oral

and inhalation exposure to CCI, in humans and animals include damage to the

liver, kidney and lung, although the liver is the most sensitive tissue (EPA

1985, Bruckner et al 1986). In animals, acute oral administration produces

fatty infiltration and histological alterations in the liver. High doses

produce irreversible liver damage and necrosis while the effects observed

following lower doses are largely reversible (EPA 1985). Humans

occupationally exposed to 5-15 ppm of CCI4 experience biochemical alterations,

nausea, headaches and in more severe cases, liver dysfunction (jaundice,

enlargement and fatty infiltration) (ACGIH 1986, EPA 1984). Animals

chronically exposed to CCI 4 exhibit effects similar to those observed

following acute exposure. Prenatal toxicity has been demonstrated in

mammalian fetuses and neonates after inhalation exposure in pregnant rats (EPA

1984), although CC14 has not been shown to be teratogenic (EPA 1985). Carbon

tetrachloride is a carcinogen in animals producing mainly hepatic neoplasms.

Oral administration of 30 mg/kg/day or higher for 6 months have been found to

produce an increased frequency of hepatomas, hepatocellular adenomas and

hepatocellular carcinomas in mice, rats and hamsters (EPA 1985).

EPA (1988) has classified CCI 4 as a B2 agent (probable human carcinogen). The

cancer potency factor for both oral and inhalation exposure is l.3x10-

(mg/kg/day)- . EPA (1988) established the cancer potency factor based on

several gavage studies in which hepatocellular carcinomas and hepatomas were

observed in rats, mice and hamsters (Della Porta et al. 1961, Edwards et al.

1942, NCI 1976a, 1976b, 1977). EPA (1988) has derived an oral reference dose

(RfD) of 7x10 " mg/kg/day based on a subchronic rat gavage study in which

liver lesions were the most sensitive effect (Bruckner et al. 1986). A no
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observed adverse effect level (NOAEL) of 0.71 mg/kg/day and an uncertainty

factor of 1,000 were used to derive the RfD.

Carcinogenic PAHs

Carcinogenic PAHs were detected in Area 18 groundwater wells and in sediments

at the Area 13 drainage ditch, the Area 16 leachate seep and drainage ditch,

the pond and Ditch B.

PAHs occur in the environment as complex mixtures containing numerous PAHs of

varying carcinogenic potencies. Only a few components of these mixtures have

been adequately characterized, and only limited information is available on

the relative potencies of different compounds.

PAH absorption following oral exposure is inferred from the demonstrated*

toxicity of PAHs following ingestion (EPA 1984a). PAH absorption following

inhalation exposure is inferred from the demonstrated toxicity of PAHs

following inhalation (EPA 1984a). PAHs are also absorbed following dermal

exposure (Kao et al. 1985). It has been suggested that simultaneous exposure

to carcinogenic PAHs such as benzo[a]pyrene and particulate matter can

increase the effective dose of the compound (ATSDR 1987). Acute effects from

direct contact with PAHs and related materials are limited primarily to

phototoxicity; the primary effect is dermatitis (NIOSH 1977). PAHs have also

been shown to cause cytotoxicity in rapidly proliferating cells throughout the

body; the hematopoietic system, lymphoid system, and testes are frequent

targets (Santodonato et al. 1981). Destruction of the sebaceous glands,

hyperkeratosis, hyperplasia, and ulceration have been observed in mouse skin

following dermal application of the carcinogenic PAHs (Santodonato et

al. 1981). The carcinogenic PAHs have also been shown to have an

immunosuppressive effect in animals (ATSDR 1987). Nonneoplastic lesions are

seen in animals exposed to the more potent carcinogenic PAHs only after

exposure to levels well above those required to elicit a carcinogenic

response. Carcinogenic PAHs are believed to induce tumors both at the site of
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application and systemically. Neal and Rigdon (1967) reported that oral

administration of 250 ppm benzo[ajpyrene for approximately 110 days led to

forestomach tumors in mice. Thyssen et al. (1981) observed respiratory tract

tumors in hamsters exposed to up to 9.5 mg/m3 benzo[a]pyrene for up to 96

weeks.

Benzo(alpyrene is representative of the carcinogenic PAHs and is classified by

EPA in Group B2--Probable Human Carcinogen--based on sufficient evidence of

carcinogenicity from animal studies and inadequate evidence from

epidemiological studies (EPA 1984c). EPA (1984a) calculated an oral cancer
-i

potency factor of 11.5 (mg/kg/day) for carcinogenic PAHs (specifically

benzo(a]pyrene) based on the study by Neal and Rigdon (1967). EPA (1984a)
-I

calculated an inhalation cancer potency factor of 6.1 (mg/kg/day) for

benzo[a]pyrene based on the study by Thyssen et al. (1981). These potency

factors are currently undergoing a reevaluation based on recalculation of the

data.

Chlorobenzene

Chlorobenzene was detected in the residential groundwater well.

Evidence from toxicity studies suggests that chlorobenzene is absorbed after

oral, inhalation, and dermal exposure (EPA 1985). Acute and chronic exposures

to chlorobenzene have been associated in humans and experimental animals with

central nervous system (CNS) effects, liver and kidney lesions, and

respiratory distress. Results of reproductive studies with rats and dogs also

indicate that chlorobenzene induces testicular lesions (EPA 1985).

EPA (1988a,b) derived an oral chronic RfD for chlorobenzene of 3xlO 2

mg/kg/day based on a study by Monsanto (1967) in which dogs administered

chlorobenzene in capsules for 90 days exhibited liver and kidney effects; an

uncertainty factor of 1,000 was used to develop the RfD. EPA (1988a,b) also

reported an inhalation chronic RfD for chlorobenzene of 5x10 "3 mg/kg/day based
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on a study by Dilley (1977) in which rats exposed to chlorobenzene for 120

days exhibited liver and kidney effects; an uncertainty factor of 10,000 was

used to develop the RfD.

Chloroethane

Chloroethane was detected in groundwater in the monitoring well within the

production well capture zone and Area 5 wells and in surface water at the Area

16 leachate seep.

Chloroethane is primarily absorbed through the lungs, although some dermal

absorption may occur. Absorption and excretion of chloroethane occurs rapidly

via the lungs; it is not metabolized to a significant degree (Clayton and

Clayton 1981). Severe acute inhalation of chloroethane by humans produces

minor neurological effects that are manifested as stupor and lack of

coordination, and in some incidences as cardiac arrhythmia produced by the

potentiation of adrenalin (Clayton and Clayton 1981). Acute inhalation of

chloroethane by animals has produced histological or pathological changes in

the liver, brain, and lungs (Troshina 1964). Chronic exposure of animals to

chloroethane produced kidney damage and fatty changes in the liver, and at

high levels has upset cardiac rhythm (EPA 1985). Studies assessing the

mutagenicity and carcinogenicity of chloroethane are currently being conducted

(EPA 1985).

Chloroform

Chloroform was detected only in Area 17 groundwater wells.

Chloroform, a trihalomethane, is rapidly absorbed through the respiratory and

gastrointestinal tracts in humans and experimental animals; dermal absorption

from contact of the skin with liquid chloroform can also occur (EPA 1985). In

humans, acute exposures to chloroform may result in depression of the central

nervous system, hepatic and renal damage and death caused by ventricular

H-11



fibrillation following an acute ingested dose of 10 ml (EPA 1984). Acute

exposure to chloroform may also cause irritation to the skin, eyes, and

gastrointestinal tract (EPA 1984, 1985). In experimental animals, chronic

exposure may lead to fatty cyst formation in the liver (Heywood et al. 1979),

renal, and cardiac effects and central nervous system depression (EPA 1985).

Chloroform has been reported to induce renal epithelial tumors in rats

(Jorgenson et al. 1985) and hepatocellular carcinomas in mice (NCI 1976).

Suggestive evidence from human epidemiological studies indicates that long-

term exposure to chloroform and other trihalomethanes in contaminated water

supplies may be associated with an increased incidence of bladder tumors (EPA

1985).

Chloroform has been classified by EPA as a Group B2 Carcinogen (Probable Human

Carcinogen) (EPA 1988). EPA (1988) developed an oral cancer potency factor

for chloroform of 6.1xlO-3 (mg/kg/day)'l based on a study in which kidney

tumors were observed in rats exposed to chloroform in drinking water

(Jorgenson et al. 1985). An inhalation cancer potency factor of 8.1xlO "2

(mg/kg/day)-l has been developed by EPA (1988) based on an NCI (1976) bioassay

in which liver tumors were observed in mice. EPA (1988) also derived an oral

reference dose (RfD) of 0.01 mg/kg/day for chloroform based on a chronic

bioassay in dogs in which liver effects were observed at 12.9 mg/kg/day

(Heywood et al. 1979); an uncertainty factor of 1,000 was used to derive the

RfD.

Chromium

Chromium was detected in the monitoring well within the production well

capture zone, Area 2 through 8, 11, 12, 14, 16 and 17 groundwater wells, and

the residential well. It was also detected in surface water in the Area 13

drainage ditch, in sediments in the Area 13 drainage ditch, Ditch A, Ditch B,

the big ditch, and the unnamed ditch, and in surface soils in Areas 9 and 13.
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Chromium exists in two states, as chromium (III) and as chromium (VI).

Following oral exposure, absorption of chromium (III) is low while absorption

of chromium (VI) is high (EPA 1987). Chromium is an essential micronutrient

and is not toxic in trace quantities (EPA 1980). High levels of soluble

chromium (VI) and chromium (III) can produce kidney and liver damage following

acute oral exposure; target organs affected by chronic oral exposure remain

unidentified (EPA 1984). Chronic inhalation exposure may cause respiratory

system damage (EPA 1984). Further, epidemiological studies of worker

populations have clearly established that inhaled chromium (VI) is a human

carcinogen; the respiratory passages and the lungs are the target organs

(Mancuso 1975, EPA 1984). Inhalation of chromium (III) or ingestion of

chromium (VI) or (III) has not been associated with carcinogenicity in humans

or experimental animals (EPA 1984). Certain chromium salts have been shown to

be teratogenic and embryotoxic in mice and hamsters following intravenous or

intraperitoneal injection (EPA 1984).

EPA has classified inhaled chromium (VI) in Group A--Probable Human Carcinogen

by the inhalation route (EPA 1988b). Inhaled chromium (III) and ingested

chromium (III) (EPA 1988a) and (VI) (EPA 1988b) have not been classified with

respect to carcinogenicity. EPA (1988b) developed an inhalation cancer

potency factor of 41 (mg/kg/day)-l for chromium (VI) based on an increased

incidence of lung cancer in workers exposed to chromium over a 6 year period,

and followed for approximately 40 years (Mancuso 1975). EPA (1988b) derived

an oral reference dose (RfD) of 5.OxlO-3 mg/kg/day for chromium (VI) based on

a study by MacKenzie et al. (1958) in which no observable adverse effects were

observed in rats exposed to 2.4 mg chromium (VI)/kg/day in drinking water for

I year. A safety factor of 500 was used to derive the RfD. EPA (1988a)

developed an oral RfD of I mg/kg/day for chromium (III) based on a study in

which rats were exposed to chromic oxide baked in bread; no effects due to

chromic oxide treatment were observed at any dose level (Ivankovic and

Preussman 1975). A safety factor of 1000 was used to calculate the oral RfD.
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Copper

Copper was detected in all groundwater wells, in all surface water areas

except the unnamed ditch, in all but ditch A, big ditch, and unnamed ditch

sediments, in Area 9 surface soils, and in Area 8 and 15 subsurface soils.

Copper is an essential element. A daily copper intake of 2 mg is considered

to be adequate for normal health and nutrition; the minimum daily requirement

is 10 Ag/kg (EPA 1985). In humans, absorption of copper following oral

exposure is approximately 60% and is influenced by competition with other

metals and the level of dietary protein and ascorbic acid in both humans and

animals (EPA 1984). Copper is absorbed following inhalation exposures,

although quantitative data on the extent of absorption are unavailable (EPA

1984). Adverse effects in humans resulting from acute exposure to copper at

concentrations that exceed these recommended levels by ingestion include

salivation, gastrointestinal irritation, nausea, vomiting, hemorrhagic

gastritis, and diarrhea (ACGIH 1986). Dermal or ocular exposure of humans to

copper salts can produce irritation (ACGIH 1986). Acute inhalation of dusts

or mists of copper salts by humans may produce irritation of the mucous

membranes and pharynx, ulceration of the nasal septum, and metai fume fever.

The latter condition is characterized by chills, fever, headache, and muscle

pain. Limited data are available on the chronic toxicity of copper; however,

chronic over-exposure to copper by humans has been associated with anemia

(ACGIH 1986) and local gastr.ointestinal irritation (EPA 1987). Results of

several animal bioassays suggest that copper compounds are not carcinogenic by

oral administration; however, some copper compounds can induce injection-site

tumors in mice (EPA 1985).

EPA (1988) has reported a drinking water standard of 1.3 mg/liter based on

local gastrointestinal irritation (EPA 1987). Assuming a 70-kg adult ingests

2 liters of water per day, this concentration is equivalent to a dose of

3.7xi0 -2 mg/kg/day. However, EPA (1987) concluded toxicity data were

inadequate for the calculation of a reference dose (RfD) for copper.
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Cyanide

Cyanide was detected in surface soils in Area 9.

The toxicity of cyanides is strongly dependent on their chemical speciation.

Free cyanides are readily absorbed from the gastrointestinal tract, lungs, and

skin and, once absorbed, are rapidly distributed throughout the body (EPA

1985). The toxic effects in humans following acute oral exposure to free

cyanides include hyperventilation, vomiting, unconsciousness, convulsions,

vascular collapse and cyanosis, and death (EPA 1985). Inhalation of high

concentrations of hydrogen cyanide (HCN) gas results in almost immediate

collapse, respiratory arrest, and death within minutes (DiPalma 1971).

Airborne hydrogen cyanide concentrations between 99 and 528 mg/m3 are fatal

within 30-60 minutes (NIOSH 1976). There is limited data on chronic exposures

of cyanide in humans, although the following effects have been identified in

chronic occupationally exposed workers in some epidemiologic studies:

neurological dysfunction, lacrimation, abdominal pain, muscular weakness, and

shortness of breath (NIOSH 1976). Cyanide appears to be less toxic to animals

following chronic exposures than following acute exposures. In animals,

chronic oral exposure has produced weight loss, thyroid effects and myelin

degeneration (Howard and Hanzal 1955). Cyanide can cause teratogenic effects

when subcutaneously administered to hamsters; this teratogenic effect has not

been observed in other species although some reproductive toxicity has been

noted (EPA 1985).

EPA (1988, 1989) calculated an oral reference dose (RfD) of 0.02 mg/kg/day for

cyanide based on a chronic study by Howard and Hanzal (1955) in which rats

were maintained on a diet fumigated with hydrogen cyanide and exhibited weight

loss, thyroid effects and myelin degeneration. No observed adverse effects

(NOAEL) were noted at the highest dose administered (10.8 mg/kg/day). A NOAEL

of 10.8 mg/kg/day and a safety factor of 500 were used to derive the RfD (EPA

1988).
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1.2-Dichloroethane

1,2-Dichloroethane.was detected in groundwater in the monitoring well within

the production well capture zone and in Area 16 wells.

Data on the toxicokinetics of 1,2-dichloroethane (1,2-DCA) in humans are

limited, but data from animal studies suggest that the chemical is rapidly

absorbed following oral and inhalation exposure and after dermal contact with

the liquid form of the compound (EPA 1985). Effects of acute inhalation

exposure in humans include irritation of mucous membranes in the respiratory

tract and central nervous system depression (EPA 1985). Death may occur as a

result of respiratory and circulatory failure. Pathological examinations

typically show congestion, degeneration, necrosis, and hemorrhagic lesions of

the respiratory and gastrointestinal tracts, liver, kidney, spleen, and lungs

(EPA 1985). Adverse effects caused by less extreme exposures are generally

associated with the gastrointestinal and nervous systems. Occupational

exposures to 1,2-DCA vapors result in anorexia, nausea, vomiting, fatigue,

nervousness, epigastric pain, irritation of the eyes and respiratory tract,

and gastrointestinal, liver, and gallbladder disease (EPA 1984, 1985).

Chronic studies in animals also have revealed toxic effects following

inhalation exposure including degeneration of the liver (EPA 1985). Available

data suggest that 1,2-DCA does not adversely affect reproductive or

developmental processes in experimental animals except at maternally toxic

levels (EPA 1985). In long-term oral bioassays sponsored by the National

Cancer Institute (NCI 1978), increased incidences of squamous-cell carcinomas

of the forestomach, mammary gland adenocarcinomas, and hemangiosarcomas have

been observed in rats exposed to 1,2-DCA; pulmonary adenomas, mammary

adenocarcinomas, and uterine endometrial tumors have been observed in mice

exposed to this chemical.

EPA (1988) has classified 1,2-DCA in Group B2 (Probable Human Carcinogen)

based on inadequate evidence of carcinogenicity from human studies and
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sufficient evidence of carcinogenicity from animal studies. EPA (1988)

derived an oral and an inhalation cancer potency factor (ql*) of 9.1xlO 2

(mg/kg/day)"l for 1,2-DCA based on the incidences of hemangiosarcomas in

Osborne-Mendel male rats observed in the NCI (1978) gavage study.

1.1-Dichloroethene

1,1-Dichloroethene was detected in the monitoring well within the production

well capture zone, Area 3, 5, 16, and 18 groundwater wells.

l,l-Dichloroethene (l,I-DCE) is rapidly absorbed after oral and inhalation

exposures (EPA 1984, 1987). Humans acutely exposed to l,I-DCE vapors exhibit

central nervous system depression. In animals, the liver is the principal

target of I,l-DCE toxicity. Acute exposures result in liver damage which

ranges from fatty infiltration to necrosis (EPA 1987). Workers chronically

exposed to I,I-DCE in combination with other vinyl compounds exhibit liver

dysfunction, headaches, vision problems, weakness, fatigue and neurological

sensory disturbances (EPA 1987). Chronic oral administration of I,1-DCE to

experimental animals results in both hepatic and renal toxicity (EPA 1984).

Inhalation or oral exposure of rats and rabbits has produced fetotoxicity and

minor skeletal abnormalities, but only at maternally toxic doses. l,l-DCE

vapors produced kidney tumors and leukemia in a single study of mice exposed

by inhalation, but the results of other studies were equivocal or negative

(EPA 1987, Maltoni et al. 1985).

EPA has classified I,I-DCE as a Group C agent (Possible Human Carcinogen) and

has developed inhalation and oral cancer potency factors of 1.2 (mg/kg/day)"l

and 0.6 (mg/kg/day)"I , respectively (EPA 1985, 1988). The inhalation potency

factor was based on the increased incidence of renal adenocarcinomas in male

mice exposed to 1,l-DCE via inhalation for 52 weeks and observed for a total

of 121 weeks (Maltoni et al. 1985). The oral potency factor was derived by

estimating an upper-limit value from negative bioassay data and assuming that

a carcinogenic response occurs via ingestion, although there is no direct
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evidence that this is true. EPA (1988) developed an oral reference dose (RfD)

of 9x10 "3 mg/kg/day based on the occurrence of hepatic lesions in rats

chronically exposed to I,I-DCE in drinking water (Quast et al. 1983). A

safety factor of 1000 was applied to the lowest-observed-adverse-effect level

(LOAEL) of 9 mg/kg/day to derive the oral RfD.

trans-i.2-Dichloroethene

rrans-l,2-Dichloroethene was detected in the production wells, Area 2, 5, 8,

16, and 17 groundwater wells and in surface water in the Area 16 leachate

seep.

trans-l,2-Dichloroethene is expected to be absorbed by any route of exposure.

Information on the health effects of rrans-l,2-dichloroethene is limited. In

humans, rrans-l,2-dichloroethene is a central nervous system depressant, and

exposure to high concentrations can result in anesthetic effects (Irish 1963).

Inhalation exposure of rats to 200 ppm has been associated with pneumonic

infiltration of the lungs and progressive fatty degeneration of the liver

(Freundt et al. 1977). Acute exposure to higher dose levels can cause

narcosis and death in rats (Torkelson and Rowe 1981).

EPA (1985) proposed a maximum contaminant level goal (MCLG) of 70 Mg/liter for

both cls- and trans-l,2-dichloroethene based on the adjusted acceptable daily

intake (AADI) of 350 mg/liter, assuming 20% of the exposure is via drinking

water. EPA (1988) has derived an oral reference dose (RfD) of 2xlO 2

mg/kg/day for rrans-l,2-dichloroethene based on a 90-day drinking water study

conducted in mice (Barnes et al. 1985). A no-observed-adverse-effect level

(NOAEL) of 17 mg/kg/day for increased serum alkaline phosphatase and an

uncertainty factor of 1,000 were used to derive the RfD.
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1.2-Dichloropropane

1,2-Dichloropropane was only detected in Area 17 groundwater wells.

1,2-Dichloropropane is absorbed following ingestion and inhalation exposure.

Adverse effects associated with acute exposure in humans have included CNS

depression, narcosis, headache, and mucous membrane irritation. In animals,

effects associated with acute exposure have included histopathological changes

in the liver, kidney, and adrenals. Altered serum enzyme activities were also

reported (EPA 1985). Chronic or subchronic exposure of experimental animals

to 1,2-dichloropropane has been associated with reduced body weight, liver

necrosis, centrilobular congestion, altered CNS function, and altered serum

enzyme activities (EPA 1985). DeLorenzo et al. (1977) reported that

1,2-dichloropropane induced reverse and forward mutations in some test

species. The compound also induced sister chromatid exchanges and chromosomal

aberrations in Chinese hamster ovary cells in vitro (NTP 1986).

1,2-Dichloropropane caused a dose-related increased incidence of

hepatocellular adenomas in rats (NTP 1986).

1,2-Dichloropropane is categorized in Group B2--Probable Human Carcinogen (EPA

1989). This chemical has an oral cancer potency factor of 6.8x10
-2

(mg/kg/day)-l based on an increased incidence of hepatocellular adenomas in

mice in the study conducted by NTP (1986) (EPA 1989).

i. 3- DNI

1,3-DNB was detected in the monitoring well within the production well capture

zone, Area 4, 6, and 16 groundwater wells.

Absorption of the dinitrobenzene (DNB) isomers (l,2-DNB, 1,3-DNB, and 1,4-DNB)

have not been well characterized, however ready absorption through the skin is

a major factor in its toxicity (ACGIH 1986). Occupatioral exposures to the

DNB isomers have been associated with methemoglobine.ia and respiratory tract
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irritation. Prolonged exposures of humans to dinitrobenzene may result in

anemia, liver damage and cyanosis (Beard and Noe 1981). In animals,

subchronic oral exposures have resulted in retarded growth, decreased

hemoglobin concentrations, splenic enlargement and hemosiderin deposits.

Testicular atrophy and decreased spermatogenesis have also been observed in

male rats following oral exposures (Cody et al. 1981).

EPA 1988 has developed an oral reference dose (RfD) of l.OxlO ' mg/kg/day for

1,3-DNB based on a subchronic drinking water study in rats. This study

identified a lowest-observed-effect-level (LOEL) of 8 ppm for increased

splenic weight and a no-observed-effect-level (NOAEL) of 3 ppm

(0.40 mg/kg/day) (Cody et al. 1981). The RfD was calculated using the NOAEL

and an uncertainty factor of 3000.

2.4 and 2.6 - Dinitrotoluene

Both 2,4-DNT and 2,6-DNT were detected in the monitoring well within the

production well capture zone and in Area 17 groundwater wells. 2,4-DNT was

also detected in Area sediments in Ditch A. 2,6-DNT was also detected in Area

2 groundwater wells and in Area 8 subsurface soils.

Dinitrotoluene (DNT) is rapidly absorbed following inhalation, dermal and oral

exposure, and once absorbed, is distributed throughout the body. DNT

undergoes oxidative and reductive metabolism with the primary sites of

metabolic activity in the liver and small intestine (Schut et al. 1982). The

blood, liver, and neuromuscular systems are the primary target organs for DNT

toxicity in both humans and experimental animals. In humans, symptoms

resulting from subchronic and chronic exposures to DNT include cyanosis,

dizziness, headaches, dyspnea and brown urine (Etnier 1987). Long term

occupational exposures also have been correlated with an increase in ischemic

heart disease (Levine et al. 1986). In rats, chronic exposure to mixtures of

2,4- and 2,6-DNT in the diet has been reported to significantly increase the

incidence of liver tumors (Ellis et al. 1979). Bioassays using the individual
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isomers indicate that most of the carcinogenicity of 2,4-DNT/2,6-DNT mixtures

can be attributed to the 2,6-isomer, and that pure 2,4-DNT is not carcinogenic

(Leonard et al. 1987). These data are not conclusive, however.

EPA (1988) reported an oral potency factor for 2,4-DNT of 0.68 (mg/kg/day)'.
-1

Etnier (1987) developed an oral potency factor of 4.83 (mg/kg/day) for 2,6-

DNT. The potency factor for 2,4-DNT was derived based on the study of Ellis

et al. (1979) in which progressive development of hepatocellular carcinomas

was reported in male and female Charles River CD rats following exposure doses

of 35 and 45 mg/kg/day, respectively, for more than a year. The potency

factor for 2,6-DNT was derived using the data of Leonard et al. (1987) which

indicated a statistically significant increase in the incidence of

hepatocarcinomas in male Fischer 344 rats fed 7 and 14 mg/kg/day pure 2,6-DNT

for 1 year.

Di-n-butvl phthalate

Di-n-butyl phthalate was detected only in sediments in the Area 16 drainage

ditch.

Di-n-butyl phthalate is readily absorbed following oral and inhalation

exposure (EPA 1980). Acute exposures of di-n-butyl phthalate aerosol in mice

have produced irritation of the eyes and upper respiratory tract mucous

membranes. Extreme exposures result in labored breathing, ataxia, paresis,

convulsions and death from paralysis of the respiratory system (ACGIH 1986).

Workers chronically exposed to di-n-butyl phthalate in combination with other

phthalate plasticizers have exhibited pain, numbness and spasms in the upper

and lower extremities. Further evaluation revealed vestibular dysfunction and

polyneuritis (ACGIH 1986). Reduced fetal weight, increased numbers of

resorptions, and dose-related musculoskeletal abnormalities have been observed

among fetuses from rats and mice exposed to very high doses of di-n-butyl

phthalate during gestation (Shiota and Nishimura 1982).
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EPA (1988) calculated an oral reference dose (RfD) for di-n-butyl phthalate

based on a study by Smith (1953) in which male Sprague-Dawley rats were fed a

diet containing dibutyl phthalate for a period of 1 year. One-half of all

rats receiving the highest dibutyl phthalate concentration (1.25% of diet, or

600 mg/kg/day) died during the first week of exposure. The remaining animals

survived the study with no apparent adverse effects. Using a NOAEL of

125 mg/kg/day (0.25% dibutyl phthalate in diet) and an uncertainty factor of

1,000, an oral reference dose (RfD) of 0.1 mg/kg/day was derived; a LOAEL of

600 mg/kg/day (1.25% dibutyl phthalate in diet) was observed in this study.

Di-n-octvl ohthalate

Di-n-octyl phthalate was detected in the monitoring well within the production

well capture zone, Area 1, 10, and 16 groundwater wells.

Di-n-octyl phthalate is not especially toxic. It is a severe eye and a mild

skin irritant in rabbits (NIOSH 1985, NTP/IRLG 1982, EPA 1980). Fetotoxicity

and developmental abnormalities were observed in the offspring of rats

administered 5 g/kg intraperitoneal injections on days 6 to 15 of gestation

(NTP/IRLG 1982, EPA 1980).

EQ~lbenzane

Ethylbenzene was detected in Area 17 groundwater wells and in surface water in

the Area 16 leachate seep.

* Ethylbenzene is absorbed via inhalation and distributed throughout the body in

rats; the highest levels were detected in the kidney, lung, adipose tissue,

digestive tract, and liver (Chin et al. 1980). In humans, short-term

inhalation exposure to 435 mg/m3 ethylbenzene for 8 hours can result in

sleepiness, fatigue, beadache, and mild eye and respiratory irritation

(BardodJ and Bardodejova 1970); eye irritation has also been observed in

experimeatal animals exposed to ethylbenzene (EPA 1987). Increased weights
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and cloudy swelling were observed in the liver gnd kidney of rats exposed to

ethylbenzene by stomach tube at a dose of 408 mg/kg/day for 182 days (Wolf et

al. 1956). A single oral dose of ethylbenzene administered by stomach tube to

male and female Wistar-derived rats was reported to have an LD50 of 3,500

mg/kg body weight, with systemic effects occurring primarily in the liver and

kidney (Wolf et al. 1956). M1aternal toxicity was observed in rats exposed by

inhalation to 4,348 mg/m 3 ethylbenzene for 6-7 hours/day during the first 19

days of gestation (Hardin et al. 1981).

EPA (1988) derived an oral reference dose of 0.1 mg/kg/day for ethylbenzene

based on the chronic study by Wolf et al. (1956) in which no liver or kidney

effects were observed in rats exposed to 136 mg/kg/day. An uncertainty factor

of 1,000 was applied to the no-observed-effect-level to derive the reference

dose.

HMX

HMX was detected in the monitoring well within the production well capture

zone, Area 3, 4, 6, 7, 11, 12, 17 and 18 groundwater wells and in surface

water in Ditch A.

HMX is absorbed to a very limited extent following oral exposure. In rats and

mice, between 70 and 85% of the administered dose was eliminated in the feces

within 4 days (Cameron 1986). No data were found in the available literature

regarding pulmonary or dermal absorption.

EPA (1988) developed an RfD based on a subchronic study in which groups of 20

male and 20 female Fischer 344 rats received HMX in the diet for 13 weeks

(Everett et al. 1985). Dietary concentrations corresponded to dosages of 0,

50, 150, 450, 1350 and 4000 mg/kg bw for males and 0, 50, 115, 270, 620 and

1500 mg/kg bw for th emales. Histopathologic changes were observed in the

liver of males at the three highest dose levels, and in the kidneys of females

in the three higlest dose groups, indicating sexual differences in the target
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organ responses of rats. Based on these results, lowest-observed-adverse-

effect levels (LOAEL) of 150 and 270 mg/kg/day and no-observed-adverse-effect

levels (NOAEL) of 50 and 115 mg/kg/day were identified for males and females,

respectively. The RfD of 0.05 mg/kg/day was derived by applying an

uncertainty factor of 1000 to the NOAEL for males.

Lead

Lead was detected in groundwater in all areas except the residential wells, in

surface water in Area 13 and 16 drainage ditches, the Area 16 leachate seep,

and ditch B, in sediments in all areas sampled, in Area 9 and 13 surface

soils, and in Area 8 and 15 subsurface soils.

Absorption of lead from the gastrointestinal tract of humans is estimated at

10%-15%. For adult humans, the deposition rate of particulate airborne lead

is 30%-50%, and essentially all of the lead deposited is absorbed. Lead is

stored in the body in the kidney, liver and bone (EPA 1984). The major

adverse effects in humans caused by lead include alterations in the

hematopoietic and nervous systems. The toxic effects are generally related to

the concentration of this metal in blood. Blood concentration levels of over

80 Ag/dl in children and over 100 jg/dl in sensitive adults can cause severe,

irreversible brain damage, encephalopathy, and possible death. Lower blood

concentrations of lead (30-40 Ag/dl) have been associated in humans with

altered nerve conduction, altered testicular function, renal dysfunction, and

anemia. Lead exposure also has been associated in humans with spontaneous

abortions, premature delivery, and early membrane rupture in humans; however,

reliable exposure estimates are lacking in these cases. Decreased fertility,

fetotoxic effects, and skeletal malformations have been observed in

experimental animals exposed to lead (EPA 1984). Chronic oral ingestion of

certain lead salts (lead acetate, lead phosphate, lead subacetate) has been

associated in experimental animals with increased renal tumors. Doses of lead

that induced kidney tumors were high and were beyond the lethal dose in humans

(EPA 1985).

H-25



EPA classified certain lead salts in Group B2--Probable Human Carcinogen (EPA

1985), although no cancer potency factor has been established (EPA 1988).

This category applies to those agents for which there is sufficient evidence

of carcinogenicity in animals and inadequate evidence of carcinogenicicy in

humans. EPA (1985) has noted that the available data provide an insufficient

basis on which to regulate lead acetate, phosphate and subacetate as human

carcinogens. EPA (1988) has also considered it inappropriate to develop a

reference dose (RfD) for inorganic lead and lead compounds, since many of the

health effects associated with lead intake occur essentially without a

threshold.

Mercury

Mercury was detected in the Area 13 drainage ditch surface waters and

sediments, in ditch B sediments, in Area 9 surface soils, and in Area 8 and 9

subsurface soils.

In humans, inorganic mercury is absorbed following inhalation and oral

exposure, however only 7% to 15% of administered inorganic mercury is absorbed

following oral exposure (EPA 1984, Rahola et al. 1971. Task Group on Metal

Accumulation 1973). Organic mercury is almost completely absorbed from the

gastrointestinal tract and is assumed to be well absorbed via inhalation in

humans (EPA 1984). A primary target organ for inorganic compounds is the

kidney. Acute and chronic expostres of humans to inorganic mercury compounds

have been associated with anuria, polyuria, proteinuria, and renal lesions

(Hammond and Beliles 1980). Chronic occupational exposure of workers to

elemental mercury vapors (0.1 to 0.2 mg/m3) has been associated with mental

disturbances, tremors, and gingivitis (EPA 1984). Animals exposed to

inorganic mercury for 12 weeks have exhibited proteinuria, nephrotic syndrome

and renal disease (Druet et al. 1978). Rats chronically administered

inorganic mercury (as mercuric acetate) in their diet have exhibited decreased

body weights and significantly increased kidney weights (Fitzhugh et al.
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1950). The central nervous system is a major target for organic mn-cury

compounds. Adverse effects in humans, resulting from subchronic and chronic

oral exposures to organic mercury compounds have included destruction of

cortical cerebral neurons, damage to Purkinje cells, and les'ions of the

cerebellum. Clinical symptoms following exposure to organic mercury compounds

have included paresthesia, loss of sensation in extremities, ataxia, and

hearing and visual impairment (WHO 1976). Embryotoxic and teratogenic

effects, including malformations of the skeletal and genitourinary systems.

have been observed in animals exposed orally to organic mercury (EPA 1984).

Both organic and inorganic compounds are reported to be genotoxic in

eukaryotic systems (Leonard et a!. 1984).

EPA (1989) has reported an oral RfD for methyl mercury of 3x10-4 mg/kg/day

based on studies investigating central nervous system effects in humans

exposed to mercury (EPA 1980); an uncertainty factor of 10 was used to develop

the RfD. EPA (1989) has also reported an oral reference dose of

3xl0-
4 mg/kg/day for inorganic mercury based on a chronic rat study in which

kidney effects were observed (Fitzhugh et al. 1950). An uncertainty factor of

1,000 was used to derive the RfD.

Methylene chloride

Methylene chloride was detected in Area 5, 7, and 17 grotndwater wells.

Methylene chloride is absorbed following oral and inhalation exposure. The

amount of airborne methylene chloride absorbed following inhalation exposure

increases in direct proportion to its concentration in inspired air, the dura-

tion of exposure, and physical activity. Dermal absorption has not been

accurately measured (EPA 1988). Acute human exposure to methylene chloride

may result in irritation of eyes, skin, and respiratory tract; central nervous

system depression; elevated carboxyhemoglobin levels; and circulatory

disorders that may be fatal. Chronic exposure of animals can produce renal

and hepatic toxicity (EPA 1988). Methylene chloride is mutagenic for
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Salmonella typhimurium and produces mitotic recombination in yeast (EPA 1988).

Several inhalation studies conducted in animals provide clear evidence of

methylene chloride's carcinogenicity. There is only suggestive evidence in

experimental animals that hepatocellular carcinomas and neoplastic nodules

arise from oral exposure (FA 1985a,b).

EPA (1989) classified methylene chloride in Group B2--Probable Human Carcino-

gen. It has been concluded by EPA (1985b) that the induction of distant site

tumors from inhalation exposure and the borderline significance for induction

of tumors in a drinking water study are an adequate basis for concluding that

methylene chloride be considered a probable human carcinogen via ingestion as

well as inhalation. EPA (1989) derived an inhalation cancer potency factor of

l.4xlO 2 (mg/kg/day)-l based on the results of a National Toxicology Program

(NTP) inhalation bioassay conducted in rats and mice (NTP 1986). Mammary tu-

mors were noted in rats, while lung and liver tumors were observed in mice..

EPA (1988) determined an oral cancer potency factor of 7.5x10-3 (mg/kg/day)-l

based on the results of the NTP (1986) inhalation bioassay and on an ingestion

bioassay conducted by the National Coffee Association (NCA 1983). In the NCA

study, hepatoceliular adenomas and/or carcinomas were observed in male mice.

An oral reference dose (RfD) of 0.06 mg/kg/day has been developed by EPA

(1989) based on a 2-year rat drinking water bioassay (NCA 1982) that

identified no-observed-effect levels (NOELs) of 5.85 and 6.47 mg/kg/day for

male and female rats, respectively. Liver toxicity was observed at doses of

52.58 and 58.32 mg/kg/day for males and females, respectively. An uncertainty

factor of 100 was used to derive the RfD.

Nickel

Nickel was detected in all areas where groundwater leachate seep and drainage

ditch, ditches A and B, and the big ditch, and in sediments in the Area 13

drainage ditch and the big ditch.
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Nickel compounds can be absorbed following inhalation, ingestion, or dermal

exposure. The amount absorbed depends on the dose administered and the

chemical and physical form of the particular nickel compound (EPA 1986).

Dermal exposure of humans to nickel produces allergic contact dermatitis (EPA

1986). Adverse effects associated with acute exposure in animals have

included depressed weight gain, altered hematological parameters, and

increased iron deposition in blood, heart, liver, and testes (EPA 1987).

Chronic or subchronic exposure of experimental animals to nickel has been

associated with reduced weight gain, degenerative lesions of the male

reproductive tract, asthma, nasal septal perforations, rhinitis, sinusitis,

hyperglycemia, decreased prolactin levels, decreased iodine uptake, and

vasoconstriction of the coronary vessels (EPA 1986). Teratogenic and

fetotoxic effects have been observed in the offspring of exposed animals (EPA

1986). Inhalation exposure of experimental animals to nickel carbonyl or

nickel subsulfide induces pulmonary tumors (EPA 1986). Several nickel salts

cause localized tumors when administered by subcutaneous injection or

implantation. Epidemiological evidence indicates that inhalation of nickel

refinery dust and nickel subsulfide is associated with cancers of the nasal

cavity, lung, larynx, kidney, and prostate (EPA 1986).

Nickel refinery dust and nickel subsulfide are both categorized in Group

A--Human Carcinogens. These classifications are based on an increase

incidence of lung and nasal tumors observed in workers occupationally exposed

to nickel refinery dust. These materials have inhalation cancer potency

factors of 0.84 (mg/kg/day)-l and 1.7 (mg/kg/day)"I, respectively (EPA 1988).

Nickel carbonyl is categorized in Group B2--Probable Human Carcinogen;

however, a potency factor has not been derived for nickel carbonvl (EPA 1988).

EPA (1988) derived an oral reference dose (RfD) for nickel of 2xlO "2 mg/kg/day

based on a study by Ambrose et al. (1976) in which rats administered 5

mg/kg/day (NOAEL) nickel in the diet for 2 years did not experience decreased

weight gain observed in animals administered 50 mg/k/gday (LOAEL). A safety

factor of 300 was used to calculate the RfD.
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Nitrobenzene

Nitrobenzene was detected only in Area 16 groundwater wells.

Nitrobenzene is absorbed by all possible routes, but absorption primarily

occurs through the respiratory tract and skin (EPA 1980); approximately 80% of

inhaled nitrobenzene is absorbed (EPA 1980). In humans long-term occupational

exposure to nitrobenzene can result in cyanosis, methemoglobinemia, jaundice,

anemia, sulfhemoglobinemia, and dark urine (EPA 1980). Short-term exposure to

high levels of nitrobenzene can result in cyanosis, and if severe, the

individual can go into a coma (Piotrowski 1967). Hematologic, adrenal, renal,

and hepatic lesions have been reported in rats and mice exposed to

nitrobenzene in air for 90 days (CIIT 1984). There is also limited evidence

that exposure to nitrobenzene can result in changes in the tissues of the

chorion and placenta in pregnant women (Dorigan and Hushon 1976); menstrual

disturbances after chronic nitrobenzene exposure b-ve also been reported (EPA

1980).

EPA (1988a) developed an inhalation RfD for nitrobenzene of 6xlO "' mg/kg/day

based on a study in which hematological, adrenal, renal, and hepatic lesions

were observed in mice following inhalation exposure to nitrobenzene (CIIT

1984) and using an uncertainty factor of 10,000. EPA (1988b) also developed

an oral RfD for nitrobenzene of 5xlO -4 mg/kg/day based on the CIIT study based

on route-to-route extrapolation and using an uncertainty factor of 10,000

(EPA 1988).

N-nitrosodiDhenylamine

N-nitrosodiphenylamine was detected in the monitoring well within the

production well capture zone, Area 8 and 12 groundwater wells.

N-Nitrosodiphenylamine (NDPA) is absorbed following ingestion. In rats NDPA

can cross the placenta (EPA 1980). Its acute oral toxicity in rats is very
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low (Druckrey et al. 1967). In subchronic feeding studies conducted in rats,

weight reduction was reported. Trace amounts of pigmentation were observed in

hepatic Kupffer cells of male mice (NCI 1979). When NDPA was administered to

rats late -in pregnancy, neoplasms were induced in the offspring (EPA 1980).

Significant increases in the incidence of urinary bladder carcinomas in male

and female rats were reported. A dose related trend in fibromas of the

subcutis and skin among male rats was also observed (NCI 1979).

NDPA by ingestion is categorized in Group B2--Probable Human Carcinogen. This

compound has an oral cancer potency factor of 4.9x10 "3 (mg/kg/day)-l (EPA

1988). This value was based on an increased incidence of bladder tumors in

male and female rats (NCI 1979).

Noncarcinogenic PAHs

Noncarcinogenic PAHs were detected in Area i groundwater wells and in

sediments in the Area 13 drainage ditch, the Area 16 drainage ditch, the pond

and Ditch B.

Polycyclic aromatic hydrocarbons (PAHs) occur in the environment as complex

mixtures of which only a few components have been adequately characterized.

Only limited information is available on the relative potencies of the

"noncarcinogenic" PANs. However, many have been shown to have some weak

carcinogenic activity, or to act as promoters or cocarcinogens.

PAN absorption following oral and inhalation exposure is inferred from the

demonstrated toxicity of PAHs following these routes of administration (EPA

1984a). PAHs are also absorbed following dermal exposure (Kao et al. 1985).

Acute effects from direct contact with PANs and related materials are limited

primarily to phototoxicity; the primary effect is dermatitis (NIOSH 1977).

PANs have also been shown to cause cytotoxicity in rapidly proliferating cells

throughout the body; the hematopoietic system, lymphoid system, and testes are

frequent targets (Santodonato et al. 1981). Some of the noncarcinogenic PANs
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I
have been shown to cause systemic toxicity but these effects are generally

seen at high doses (Santodonato et al. 1981). Slight morphological changes in

the liver and kidney of rats have been reported following oral exposure to

acenaphthene for 40 days (EPA 1984a). Subchronic oral administration of

naphthalene to rabbits and rats has resulted in cataract formation (EPA

1984b). EPA (1988) developed an oral reference dose of 0.4 mg/kg/day for

naphthalene based on the development of ocular and systemic lesions in rats

(Schmahl 1955, EPA 1986) and occupational data on coke oven workers. An

uncertainty factor of 100 was applied to the animal data in the development of

the reference dose.

Phenol

Phenol was detected only in surface water in the Area 16 leachate seep.

Phenol is readily absorbed through the gut, by inhalation, and percutaneously

(EPA 1980). Signs of acute phenol toxicity in humans and experimental animals

are central nervous system depression, collapse, coma, cardiac arrest, and

death. Acutely toxic doses can also cause extensive necrosis at the site of

exposure (eyes, skin, oropharynx) (EPA 1980). In experimental animals

subchronic oral and inhalation studies suggest that kidney, pulmonary,

myocardial, and liver damage are associated with exposure, although many of

these studies were poorly designed (EPA 1980, 1984). Phenol exhibited

tumor-promoting activity in the mouse skin painting system following

initiation with 9,10-di ethyl-l,2-benzanthracene (DMBA) or benzo(alpyrene

(B[a]P), and it exhibited cutaneous carcinogenic activity in a sensitive mouse

strain when applied at concentrations that produced repeated skin damage (EPA

1980).

The oral RiD calculated by EPA (1988) has been withdrawn and is pending

further review. An inhalation acceptable intake chronic (AIC) of 1.4

mg/person/day (0.02 mg/kg/day) was recomended by EPA (1984) based on the

threshold liait value of 19 m/a 3 phenol established by the American
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Conference of Governmental Industrial Hygienists (ACGIH 1983). EPA has not

yet established an inhalation RfD (EPA 1988).

RDX was detected in all groundwater wells except the production wells and the

residential well.

RDX is slowly absorbed in humans and laboratory animals following oral and

inhalation exposures (Etnier 1986). No data are available regarding dermal

absorption, but because RDX is relatively lipid insoluble, skin absorption is

unlikely (Rosenblatt 1980). In humans, the toxic effects of RDX have been on

the central nervous system (CNS). Chronic exposures in humans have been

associated with generalized convulsions and unconsciousness, followed by

temporary amnesia and disorientation (Stokinger et al. 1982). In animals,

hepatotoxicitv, anemia, and testicular and urogenital lesions have been

reported following chronic exposures, in addition to CNS effects (Levine et

al. 1983).

No conclusive evidence of carcinogenicity has been shown for RDX. RDX was not

found to be carcinogenic in Fisher 344 rats (Levine et al. 1983) or Sparague-

Dawley rats (Hart 1977) exposed to RDX in the diet for 2 years. However, Lish

et al. (1984) reported a statistically significant increase in the combined

incidence of hepatocellular carcinomas and adenomas in female B6C3FI mice fed

RDX in the diet for two years.

EPA (1988) derived a reference dose (RfD) of 0.003 mg/kg/day for RDX based on

a chronic study in which male and female Fischer rats received RDX in the diet

for 24 months at dosages of 0, 0.3, 1.5, 8.0, or 40 mg/kg bw/day (Levine et

al. 1983). Rats in the three highest dose groups experienced statistically

significant increases in mortality, anemia with secondary splenic lesions,

hepatotoxicity, cataracts, and urogenital lesions. A lowest-observed-adverse-

effect level (LOEAL) of 1.5 mg/kg/day was identified based on suppurative
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inflammation of the prostate. The no-observed-adverse-effect-level (NOAEL)

was 0.3 mg/kg/day.

EPA (1989) has classified RDX in Group C -- possible human carcinogen and has

developed an oral potency factor bf 0.11 (mg/kg/day)-l. The potency factor

was based on the increased incidence of combined hepatocellular carcinomas and

adenomas in female mice receiving RDX in the diet for two years at doses of 7,

35 or 100 mg/kg.

Selenium

Selenium was detected in the monitoring well within the production well

capture zone, Areas 1, 2, and 7 groundwater wells, in ditch B surface waters,

and in Area 9 surface soils.

Results of studies with humans and experimental animals indicate thaL certain

selenium compounds are readily absorbed from the gastrointestinal tract

following oral exposure (EPA 1984). The pulmonary absorption of selenium

following inhalation exposure has not been well studied, although there are

reports suggesting that selenium is absorbed to some extent by this route (EPA

1984). Selenium is an essential element and therefore is nontoxic at doses

necessary for normal health and nutrition. NAS (1980) reported that an

adequate and safe selenium intake for an adult human ranges from 0.05 mg/day

to 0.2 mg/day. However, exposure to selenium at levels that exceed these

standards has been associated with adverse health effects. Such effects

observed in experimental animals following subchronic or chronic oral exposure

to various selenium compounds have included anemia, reduced growth, increased

mortality, and lesions of the liver, heart, kidney, and spleen (EPA 1984). In

humans, chronic oral exposure to selenium has been associated with alopecia,

dermatitis, discoloration of the skin, loss of fingernails, muscular

dysfunction, convulsions, paralysis, and increased incidences of dental caries

(EPA 1984). Headaches and respiratory irritation have been noted in humans

following acute inhalation exposure (EPA 1984). Studies with a variety of
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animals have suggested that selenium may be teratogenic; however, these

studies are limited in that exposure levels are not well characterized (EPA

1984).

Oral and inhalation reference doses (RfD) of 3.0x10 -3 mg/kg/day and i.OxlIO1

mg/kg/day, respectively, have been derived by EPA (1984, 1988). The oral RfD

value was based on a study by Yang et al. (1983) in which humans exposed to

selenium in the diet at doses of 3.2 mg/day developed loss of hair, loss of

fingernails, dermatitis, and muscular dysfunction. By applying an uncertainty

factor of 15 and a LOAEL of 3.2 mg/day, EPA (1984) determined the oral RfD

value of 3x10-3 mg/kg/day. The oral RfD is currently under review by the oral

RfD Work Group at EPA (1988). The inhalation RfD value was based on an

occupational study by Glover (1967) in which workers exposed to airborne

concentrations of selenium developed dermatitis and gastrointestinal

disturbances. An uncertainty factor of 10 was used to determine the

inhalation RfD (EPA 1988).

Silver

Silver was detected in all areas except Area 14 and the residential well. It

was also detected in surface waters in the Area 16 leachate seep.

Silver in various forms is absorbed to a limited extent following oral and

inhalation exposures (EPA 1985). The acute toxic effects in humans following

oral exposure to silver include corrosive damage to the GI tract leading to

shock, convulsions, and death. In animals, acute exposure has been shown to

affect the central nervous system and to cause respiratory paralysis (Hill and

Pillsbury 1939). The primary effect of silver in humans following chronic

exposures, is argyria, a permanent bluish-metallic discoloration of the skin

and mucous membranes, which can be either localized or generalized. Silver

also accumulates in the blood vessels and connective tissue (EPA 1985).
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EPA (1988) derived an oral reference dose (RfD) of 3.0xlO -3 mg/kg/day for

silver based on the human case reports of Gaul and Staud (1935), Blumberg and

Carey (1934), and East et al. (1980). In these studies, argyria was observed

at an average dose of silver of 0.0052 mg/kg/day, to which an uncertainty

factor of 2 was applied.

Tetrachloroethene

Tetrachloroethene was detected in the monitoring well within the production

well capture zone, Area 7, 16, and 17 wells, and the residential well. It was

also seen in surface water in the Area 16 leachate seep. Tetryl was detected

in the monitoring well capture zone and Area 12 and 17 groundwater wells.

Tetry.

Tetryl was detected in the monitoring well within the production well capture

zone and Area 12 and 17 groundwater wells.

Information on the toxicity of tetryl is sparse. It has been shown to be

mutagenic in DNA repair assays (McGregor et al. 1980). In occupational

situations it has been shown to be a skin sensitizer following air exposures

and a TLV of 1.5 mg/m3 has been recommended for tetryl (ACGIH 1988). An oral

reference dose can be derived from the TLVs by assuming complete absorption of

a chemical by both inhalation and ingestion, an inhalation volume of 10 m3 per

eight-hour work day, and a 5 day work week. In addition, a safety factor of

100 is applied to the TLV to account for sensitive members of the population

and for the use of an exposure level that is higher than a no-effect level in

deriving the RfD. (See Layton et al. 1986 for a more complete discussion of

this methodology.) Using this approach, an RfD of 0.0015 mg/kg/day is

derived.
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Tol]uene

Toluene was detected in Area 17 groundwater wells and the residential well and

in surface water in the Area 16 leachate seep.

Toluene is absorbed in humans following both inhalation and dermal exposure

(EPA 1985). In humans, the primary acute effects of toluene vapor are central

nervous system (CNS) depression and narcosis. These effects occur at

concentrations of " 200 ppm (754 mg/m3 ) (von Oettingen et al. 1942a,b). In

experimental animals, acute oral and inhalation exposures to toluene can

result in central nervous system (CNS) depression and lesions of the lungs,

liver, and kidneys (EPA 1987). The earliest observable sign of acute oral

toxicity in animals is depression of the CNS, which becomes evident at

approximately 2,000 mg/kg (Kimura et al. 1971). In humans, chronic exposure

to toluene vapors at concentrations of approximately 200 and 800 ppm has been

associated with CNS and peripheral nervous system effects, hepatomegaly, and

hepatic and renal function changes (EPA 1987). Toxic effects following

prolonged exposure of experimental animals to toluene are similar to those

seen following acute exposure (Hanninen et al. 1976, von Oettingen et al.

1942a). A dose-related reduction in hematocrit values was observed in rats

chronically exposed to toluene (CIIT 1980). There is some evidence in mice

that oral exposure to greater than 0.3 ml/kg toluene during gestation results

in embryotoxicity (Nawrot and Staples 1979). Inhalation exposure of up to

1,000 mg/M 3 by pregnant rats during gestation has been associated with

significant increases in skeletal retardation (Hudak and Ungvary 1978).

EPA (1988a) has derived an oral risk reference dose (RfD) of 0.3 mg/kg/day for

toluene based on a 24-month inhalation study in which rats were exposed to

concentrations as high as 300 ppm (29 mg/kg/day) and hematological parameters

were examined (CIIT 1980). No adverse effects were observed in any of the

treated animals. Using a no-observed-adverse-effect level (NOAEL) of

29 mg/kg/day and an uncertainty factor of 100, the oral RfD was derived. EPA
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(1988b) reported an inhalation RfD for toluene of 1.0 mg/kg/day also based on

this CIIT study in which CNS effects were noted and an uncertainty factor of

100 was used.

1,1.1-Trichloroethane

1,1,1-Trichloroethane was detected in Area 1, 5, and 17 groundwater wells.

Like other chlorinated aliphatic hydrocarbons, 1,1,1-trichloroethane

(l,l,I-TCA, methyl chloroform) is rapidly and completely absorbed following

both the oral and inhalation exposure. Pulmonary absorption is initially

large and gradually decreases to a steady-state condition. Absorption through

the skin is slow. l,II-TCA distributes throughout the body and readily

crosses the blood-brain barrier (EPA 1984). The most notable toxic effects of

l,l,l-TCA inhalation exposure in humans and animals are central nervous sistem

depression, including anesthesia at very high concentrations, and impairment

of coordination, equilibrium, and judgment at lower concentrations (350 ppm

and above). In both humans and animals, cardiovascular effects, including

premature ventricular contractions, decreased blood pressure, and

sensitization to epinephrine-induced arrhythmia can result from acute exposure

to high concentrations of I.I,I-TCA vapor (EPA 1985). Fatty liver changes

have been reported in guinea pigs following subchronic inhalation exposure

(Torkelson et al. 1958). NTP (1984) reported preliminary results of bioassays

in rats and mice indicating that oral administration of I,I,l-TCA increases

the incidence of hepatocellular carcinomas in female mice but not for male

rats. This study was inadequate to evaluate the carcinogenicity of I,l,l-TCA

in female rats and male mice.

EPA (1988a) calculated an oral reference dose (RfD) for l,l,l-trichloroethane

based on an inhalation study by Torkelson et al. (1958) in which rats,

rabbits, guinea pigs and monkeys were exposed to I,l,l-TCA vapor. A no-

observed-adverse-effect (NOAEL) of 500 ppm (2,730 mg/m3 , or 90 mg/kg/day) was

identified from this study. Using the NOAEL of 90 mg/kg/day and an
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uncertainty factor of 1,000, a RfD of 9x10-2 mg/kg/day was derived. An

inhalation RfD of 0.3 mg/kg/day for 1,1,l-TCA also has been determined by EPA

(1988b) based on this saine study, in which hepatotoxicity was observed in

guinea pigs. An uncertainty factor of 1,000 was used in calculating the RfD.

1,,2-Trichloethane

1,1,2-Trichloroethane was detected in Area 16 and 17 groundwater wells.

1,1,2-Trichloroethane (I,l,2-TCA) is rapidly absorbed from oral, inhalation

and dermal exposures (Torkelson and Rowe 1981, Arena 1979). In humans, acute

oral and inhalation exposures to l,l,2-TCA result in central nervous system

(CNS) depression, equilibrium disturbances, vertigo, headaches, lassitude,

hypotension, anesthesia and coma (Arena 1979). Acute oral -nd inhalation

administration to animals produces liver and kidney damage, irritation to the

eyes and nose, CNS depression, and death due to respiratory arrest (ACGIH

1986, Torkelson and Rowe 1981). In dogs the hepatotoxic effects include

hepatocyte vacuolation, enzyme induction, fatty degeneration and necrosis (NRC

1977, Torkelson and Rowe 1981). The hepatoxicity and nephrotoxicity of 1,1,2-

TCA has been found to be potentiated by pretreatment with certain halogenated

organic compounds and solvents. Dermal exposures result in irritation and

injury to the skin from defatation (Torkelson and Rowe 1981). Evidence

suggests that I,l,2-TCA is embryo toxic to chicken eggs (Elovaara 1979).

l,I,2-TCA was found to be weakly mutagenic in S. Cerevisiae (Torkelson and

Rowe 1981). Oral administration of I,I,2-TCA has been associated with the

induction of hepatocellular carcinomas and pheochromocytomas in mice but not

in rats (NCI 1978, Weisburger 1977)

EPA has classified I,l,2-TCA in group C (Possible Human Carcinogen). This

category applies to agents for which there is limited evidence of

carcinogenicty in animals. EPA (1988) has derived a cancer potency factor of

5.7xl0 "2 (mg/kg/day)-l for both oral and inhalation exposures based on an

increased incidence of liver tumors in mice (NCI 1978). EPA (1988) has also
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established an oral reference dose (RfD) of 4.OxI0 -3 mg/kg/day for l,l,2-TCA

based upon clinical chemistry alterations in mice given 3.9 mg/kg/day in

drinking water. (White et al 1985, Sanders et al 1985). An uncertainty factor

of 1.000 was used to calculate the RfD.

Trichloroethene

Trichloroethene was detected in groundwater in the production wells, the

monitoring well within the production well capture zone and Area 5, 8, 16, and

17 wells. It was also detected in surface water in the Area 16 leachate seep

and the big ditch.

Absorption of trichloroethene (TCE) from the gastrointestinal tract is

virtually complete. Absorption following inhalation exposure is .proportional

to concentration and duration of exposure (EPA 1985). TCE is a central

nervous system depressant following acute and chronic exposures. In humans,

single oral doses of 15 to 25 ml (21 to 35 grams) of TCE have resulted in

vomiting and abdominal pain, followed by transient unconsciousness (Stephens

1945). High-level exposure can result in death due to respiratory and cardiac

failure (EPA 1985). Hepatotoxicity has been reported in human and animal

studies following acute exposure to TCE (EPA 1985). Nephrotoxicity has been

observed in animals following acute exposure to TCE vapors (ACGIH 1986,

Torkelson and Rowe 1981). Subacute inhalation exposures of mice have resulted

in transient trichloroethene-ineuced increased liver weights (Kjellstrand et

al. 1983). Industrial use of TCE is often associated with adverse

dermatological effects including reddening and skin burns on contact with the

liquid form, and dermatitis resulting from vapors. These effects are usuallv

the result of contact with concentrated solvent, however, and no effects have

been reported after exposure to TCE in dilute, aqueous solutions (EPA 1985).

Trichloroethene has caused significant increases in the incidence of

hepatocellular carcinomas in mice (NCI 1976) and renal tubular-cell neoplasms

in rats exposed by gavage (NTP 1983), and pulmonary adenocarcinomas in mice

following inhalation exposure (Fukuda et al. 1983). Trichloroethene was

H-40



mutagenic in Salmonella cyphimurium and in E. coll (strain K-12), utilizing

liver microsomes for activation (Greim et al. 1977).

EPA (1988) classified tric-,Ioroethene in Group B2--Probable Human Carcinog

based on inadequate evidence in humans and sufficient evidence of

carcinogenicity from animals studies. EPA (1988) derived an oral cancer

potency factor of l.lxl0 -2 (mg/kg/day)"l and an inhalation cancer potency

factor of 4.6xi0 "3 (mg/r/dav)" based on the mouse liver tumor data in the

NCI (1976) and NTP (1983) gavage studies. EPA (1987) developed an oral
-3

reference dose (RfD) of 7.35xlO mg/kg/day based on a subchronic inhalation

study in rats in which elevated liver weights were observed following exposure

to 55 ppm, 5 days/week for 14 weeks (Kimmerle and Eben 1973). A safety faczor

of 1,000 was used to calculate the RfD. However, this RfD is currently under

revied by EPA.

1.3. 5-TNB

1,3,5-TNB was detected in the monitoring well within the production well

capture zone, Area 4, 7, 9, 12, and 17 groundwater wells and in surface water

in the Area 13 drainage ditch and the Area 16 leachate seep.

Information on the toxicicty of 1,3,5-trinitrobenzene is sparse. It has been

shown to be mutagenic in DNA repair assays (McGregor et al. 1980). Acute oral

toxicity also has been demonstrated with LDs0 values of 572 mg/kg, 450 mg,'kg,

and 730 mg/kg being reported for mice, rats and guinea pigs, respectively (EPA

1987). Quantitative information on nunlethal effects in humans and animals is

lacking. However, exposure n humans has been associated with methemoglobia,

cyanosis, headache, nausea and other effects. An oral RfD of 0.0025 mg/kg/day

is derived by applying a conversion factor of 5xi0-6 to the oral RfD of 450

mg/kg, as recommended by Layton et al. (1986).
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Vinyl chloride

Vinyl chloride was detected in groundwater in the production wells, the

monitoring wells within the production well capture zone, and Area 5 and

16 wells.

Vinyl chloride is rapidly absorbed in rats following oral and inhalation

exposure, while dermal absorption of vinyl chloride is minor (EPA 1985).

At high inhalation exposure levels, workers have experienced dizziness,

headaches, euphoria, and narcosis. In experimental animals, inhalation

exposure to high levels of vinyl chloride can induce narcosis and death.

Lower doses result in ataxia, narcosis, congestion and edema of the

lungs, and hyperemia in the liver (EPA 1985). Chronic inhalation

exposure of workers to vinyl chloride is associated with hepatotoxicity,

central nervous system disturbances. pulmonary insufficiency,

cardiovascular toxicity, gastrointestinal toxicity, and acro-osteolysis

(EPA 1985). Experimental animals chronically exposed via inhalation or

ingestion have exhibited effects involving the liver, spleen, kidneys,

hematopoietic system, and skeletal system (EPA 1984). Feron et al.

(1975) found that administration of vinyl chloride to rats by gavage

resulted in hematologic, biochemical, and organ-weight effects at doses

above 30 mg/kg/day. Evidence for an association between human exposure

to vinyl chloride and birth defects or fetal loss is conflicting (EPA

1987). Human exposure to vinyl chloride has been associated with an

increased incidence of hepatic angiosarcoma and brain, lung, and

hemolymphopoietic cancers. In animal studies, chronic inhalation and

ingestion of vinyl chloride at levels as low as 1.7 and 5 mg/kg/day have

induced cancer in the liver and in other tissues of rats and mice (IARC

1979; Feron et al. 1981; Maltoni et al. 1980, 1981).

EPA (1988) has classified vinyl chloride in Group A (Human Carcinogen)

based on adequate evidence of carcinogenicity from epidemiological

studies.
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EPA (1988) reported an oral cancer potency factor (ql*) of 2.3

(mg/kg/day)Yl for vinyl chloride based on the long-term ingestion study

in rats in which lung tumors were observed (Feron et al. 1981). The

inhalation cancer potency factor for vinyl chloride is

2.95xi0- (mg/kg/day) -t (EPA 1988) and is based on a chronic inhalation

studies conducted by KaLtoni et al. (1980, 1981) in which liver tumors

were observed in rats.

* Zinc

Zinc was detected in groundwater in all areas except Area 3, in surface

water in Area 16 leachate seep and drainage ditch, ditch A, ditch B, and

the big ditch, in sediments in Area 13 drainage ditch and ditch B, in

Area 9 surface soils, and in Area 8 and 9 subsurface soils.

Zinc is absorbed in humans following oral exposure; however,

insufficient data are available to evaluate absorption following

inhalation exposure (EPA 1984). Zinc is an essential trace element that

is necessary for normal health and metabolism and therefore is nontoxic

in trace quantities (Hammond and Beliles 1980). However exposure to

zinc at concentrations that exceed recommended levels has been

associated with a variety of adverse effects. Chronic and subchronic

inhalation exposure of humans to zinc has been associated with

gastrointestinal disturbances, dermatitis, and metal fume fever, a

condition characterized by fever, chills, coughing, dyspnea, and muscle

pain (EPA 1984). Chronic oral exposure of humans to zinc may cause

anemia and altered hematological parameters. Reduced body weights have

been observed in studies in which rats were administered zinc in the

diet. There is no evidence that zinc is teratogenic or carcinogenic

(EPA 1984).
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EPA (1988) has derived an oral reference dose (RfD) of 2x10 "I mg/kg/day

based on studies in which anemia and reduced blood copper were observed

in humans exposed to oral zinc doses of 2.14 mg/kg/day (Pories et al.

1967. Prasad et al. 1975). A safety factor of 10 was used in developing

the RfD.
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APPENDIX I

LIST OF COMMON AND SCIENTIFIC NAMES OF WILDLIFE SPECIES AT LCAAP

Common Name Scientific Name

9 Birds

Canada goose Brahma canadensis
wood duck Al Dsonsa
bobwhite quail Colinus virginianus
wild turkey Melea is gallo~avo silvestris
woodcock Philohe1a minor
mourning dove Zenaid macroura
Cooper's hawk Acciviter coooerii
red-shouldered hawk Buteo lineatus
red-tailed hawk Buteo lamaicensis
sharp-shinned hawk Acciiiter striatus
kestrel Falco sparverius
barn owl Tyto alba
screech owl Otus aso
great horned owl Bubo virginianus
common flicker Colates auratus
downy woodpecker Dendrocooos pubescens
red-bellied woodpecker Centurus carolinus
red-headed woodpecker Melanerpes erythrocephalus
common raven Corvus oa.
common crow C brachyrhvnchos
fish crow Coru___rz
blue jay Cyanogitta cristata
loggerhead shrike Lanius ludovicianus
eastern meadowlark Sturnella magn
robin Turdus migratorius
Carolina wren Thryothorus ludovicianus
American goldfinch Sinus tristis
horned lark Eremoohila aloestris
tufted titmouse Parus bicolor
white-breasted nuthatch Sitt carolinensis
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APPENDIX I

LIST OF COMMON AND SCIENTIFIC NAMES OF WILDLIFE SPECIES AT LCAAP
(Continued)

Common Name Scientific Name

Mammals

coyote Canis latrans
white-tailed deer QOogoils virginianus
gray fox Urocyo cinereoargenteus
red fox Vuloes fulva
muskrat da zibethicus
opossum D virginiana
eastern cottontail rabbit S]ljijgej aguaticus
raccoon Procyonlotor
striped skunk Mephitis meohitis
fox squirrels Siu1 ILl.

Fish

largemouth bass I[isnonteu salmoides
bluegill LeRgMIJ macrochrus
green sunfish jL j cyanellus
channel catfish Itaflu Dunctatus
blue catfish Ictalurus furcatus
golden shiner Notrois crysoleuc~s

1-2

I7 _


